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PBEFACE. 



From time to time for several jeara I have given in- 
struction in electro-tLerapeuti:;8 and electro-diagnosis to 
postgraduate medical atudents ; and it now constitutea a 
part of my jearly course buforo the classes of the Medical 
Department of the University of Vermont. 

While engaged in preparing a. forthcoming work upon 
the diagnosis and treatment of nervous diseases, it occurred 
to me that this subject would make an interesting and 
valuable chapter — especially as so much in neurology de- 
pends upon a knowledge of electricity and electrical ap- 
paratus. I therefore prepared the following pages, with 
tliat special intent — as a brief summary of such information 
as I deemed most essential to a scientific and successful use 
of electricity in medical practice. 

I have been persuaded by my students to anticipate the 
publication of my proposed volume somewhat through the 
"New York Medical Journal," and to produce this special 
chapter in the form of a small guide for their use, 

I am partly actuated in so doing by the pressing need 
of such a guide in my classes ; and iilso by the belief tt 
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some members of the profeasion may thus be reached c 
possibly benefited who are not particularly interested in 
!y, and would probably not bny the larger vol- 



The fourteen plates at the end of the book (aft» 
Ziemsaen and Flower) will aid the reader in treating moiV'l 
bid states of the motor or sensory apparatus. 

It is but just to express here my indebtedness to Mr. H..] 
E. Waite for special facilities afforded me by his factory. 
He has kindly allowed me to use these facilities at will in 
the practical investigations that I have made respecting 
the construction of batteries and the actions of electrical 
currents. Many of the modifications in electrical apparatus 
which I have devised have been manufactured by him 
under my personal supervision and guidance. 

AxBRoaK L Ranney, M 
N«w York Citt. 

166 MaWSON Avindk, Noiieir^er, 1885. 
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LECTURES ON 
ELEOTKICITT IN MEDICINE. 



In the diagnoaia and treatment of nerv 
agent i% more generally applicable than electricity. Its 
brilliant aud often instantaneous eflecta and the prevalent 
belief among the laity that electricity is practically identical 
with the vital forces of the human body have conduced 
largely to the general iiae and frequent abuse of this import 
ant agent. 

Thousands of electric batteries are sold yearly by the 
varions manufacturers to persons both in and out of the 
medical profession. Many who buy them are utterly igno- 
rant of the principles of their construction, aud equally so of 
the indications for their use. A very large ruajority of the 
medical profession possess only a faradaic battery or a niag- 
neto-eleclric maehine. They employ such a battery upon 
every case which to their mind requires electricity. A few, 
in our larger cities, own a galvanic battery; but, as a rule, 
those who do so are unable to repair it themselves when the 
connections become oxidized or when it fails to act from a 
multitude of other causes. In my experience, it is very un- 
common to meet a medical practitioner (outside of those 
who are specially interested in neurology) who thoroughly 
understands electro-physics and many important facts relat- 
ing to the uses for which special forma of batteries are best 



adapted. I bave deemed it wise, therefore, to include in 
this course of lectures a terse and practical statement of the 
more important facta which should be mastered before the 
treatment of disease by electricity is attempted, and to shed 
some light upon the forma of current which are indicated in 
the treatment of many of the nervous diseases commonly 
encountered. I shall include in these remarks some prac- 
tical suggestions respecting the selection of batteries and 
the care of them. The uses of electricity in diagnosis, as 
well as its therapeutical propertios, will be also presented in 
as concise a form as is comportable with clearness of state- 
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ELECTRO-PHYSICS. 



Under this heading we shall first discuss the varieties of 
electric currents which may be produced (the fnradaic, gal- 
vanic, magneto-electric, and static). We shall then corjsider 
the construction of a galvanic cell and its many modifica- 
tions. It is important that vou know the pnnuples of con- 
struction of the various galvanic cells offered to the profes- 
sion for medical uses, as well as the advantages and disad- 
vantages of each as a part of a mtdical outfit In the third 
place, you shouM he made familiar with many new terms 
which are commonly used t«-day m electncal literature, and 
also the application of Ohms law to dettrii. il prohlems. 
Finally, you should acquire a faimharilv with the many at- 
tachments to a battery. These are essential to its proper 
use, and their purposes should be well understood Under 
this heading I shall give you same practical liints respecting 
the selection, care, and rcpiir of an electrical outfit fur 
medical pur]>0Bes. 
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A few of the more important facta relating to this agent 
(which we are conHtantiy called upon to employ in the treat- 
ment of various types of disease) shonlii be thoroughly un- 
derstood by all who intend to use it. Time will not per- 
mit of a detailed description of the different properties of 
electric currents. These can be acquired from any of the 
standard works upon physics. It is necessary, moreover, 
that such points as are presented here should be bricHy aud 
simply stated. 

The GALVANIC CURRENT (called also " voltaism,'" the " iat- 
tery current," and the " constant current ") is one which is de- 
rived by chemical decomposition or heat from one or more 
pairs of elements directly. When the body is placed between 
two electrodes connected with such a battery in action, the 
current traverses the part of the body embraced between 
the electrodes before it returns to the battery — starting at 
the positive pole (the anode), circniating through animal 
tissue, and returning to the negative pole (the cathode). 
The polarity remains unchanged under all circumstances. 

Muscular contractions arc produced only when the cur- 
rent is closed or broken, or when its intensity is increased. 
A very weak current fails to produce muscular contractions. 
In connection with the description of the tests employed in 
the diagnosis of nervous diseases ("Mod. Record," March 
22 to June 28, 1884), suggestions have been made by me 
which may be reviewed in this connection with advantage. 

By peculiar arrangements of the elements of a battery, 
the galvanic current can be modified as follows: (l) To 
produce heat (cautery battery); (3) to insure chemical 
changes in living tissues (electrolysis) ; and (3) to aid in 
many of the mechanical arts, such as electro- plating, electric 
lighting, telegraphy, etc. 
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' OOBBENT (called also the "induced" arW 
"interrupted current") differH from the galvanic io thatibJ 
is an induced cuireitt of lii^rh tension, which is produced bf' I 
the magnetizing and demagcetiiing of a bar of soft ire 
a bundle of soft-iron wires by means of a galvanic currenL J 

The circuit of tlie generating cell is made to pass through! 
a coil of insalated wire, known as the "helir," which sur- I 
rounds the iron to be magnetized, bvl it doea not itself pan- I 
to Ike eleelTodes and thus to the patient.* 

Wben the current of the generating cell passes through. J 
tbe helix, the soft iron is magnetized and draws the intfflv I 
rupter in contact with it.f This breaks the circuit and de- | 



* Tti[s ia a point wbkth can not Ij 
minda of the profeaaion. IM sociin 
bindrDg-posts of tbe priniaiy coil of 
arjje coppei 



^Ki strongly impresBed upon tl 
' can be readilj proved. It tbe 1 
faradoiu machine be united bj ] 
1 the galTunic 



wbicb runs the interrupter will pass through the wire rather tban 
through the belii which surrounds the iron core (because the wire af- 
fords less resistamv). The interrupter will then remain BtatioDBij, m 
the iron core is no longer magnetized. Agtiin, the interrupted or fara- 
doie current bsa no chemical properties. This would not be the case if 
the current of tiie generatinf; coll passed to the binding-pouts of the 
faroddc machine. Finally, the external rcsiatrtnce of the human body 
is far in excess of thai afforded by the belii, and this alone would pre- 
vent tbe galvanic current of the generating cell from traversing the ai 
null lissueB (the circuit of the greatest resistance). 

It ia not uncommon for agents of the various numufacturiog coi 
panics to show a prospective purchaser of a faradaic machine the gal \ 
vanic cell which works the "interrupter," and to endeavor thus to leavO^ J 
the impresuoQ that a galvanic current (as well as the primary and hi 
ondary faradaic currents) can be conveyed by a faradaic machine to a 1 
patient. Such a statement is untrue, and, if made, indicates either ig 
ranee or dishonesty. Subsequent diagram a will render the meehanianiil 
of a faradaic machine intelligible to the reader. 

f Tbe expreaaion " in contact " ia not strictly correct. The Inter- ^ 
rupter never actually touches the iron core, because its magnetic i 
ceases before it reaches it. 




'id. I.-Oheoftqe Many Forhb or Fahadaic Hacdiubi, 
TDda sttBched to (he ekmentn of the exciting cell ; D, a drlp-cnp, la which 
the fine elflment Is placed ^heQ not In use (it should contain mercnry) ; S, i 
primsry and ^econdarr colls ; F, adjusting nciow for the Intcimplcr {J) ; 
O, binding-posts ; ff, plnngar : L, M. rheophorea ; 0, P. electrodp». Thfl 
next flenre wDI oiplsln the acUon of the dlSoront paiW. The ranulnlc In- 
alnimentt of different manufacWrers varj more or less In their mechanical 
dericBB and perfection of wcvkmanahip, but the prindplo ef all t> the a«me. 
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magnetiKea the iron. The interrupter is then returned to \ 
its former place by a spring. This step reconnects the gi 
erating cell with the helix, and aj^in allows the iron to be | 
magnetized. The interrupter is again drawn in contact w 
it. Thus the current is constantly iiroketi and restored by I 




1 FARAUAtc Macbtne,— Z. zlnc clement ; (!, 
le prImaiT coll ; X. bindlng-poBls of 
Ihe Becondttrj Boll ; o, fhe InltmipUir whan this circuit Is poMing in the 
hclli ; 6, Ibc inlenuptf T when the circuit 1b b: ~ 

CDuUct nith a) Hllavrp at tha odjuntment ot the inlf rroptar (o tha bnndla oT 
Bo/t-lron wltM within iSe ptlmarj helix, thne malilne the Inlemiptlonn fMt 
or alow at the will of Iha opprnlor. The patient b connected with the \jiit- 
tei7 In action bjmeana of cordn ittocbed to the binding-poKla alPotS, 
These corde are not shown In tha dlngram, but are ehown In Fig. 1. The 
■TTOwii iihow the direction of the currenU. The zinc Is marked u the ne^ta- 
Uve element (-), and the carbon as Iba positl™ (+) alomentof the battery. 
Note ttiBt the wire of the primary coll IB reprosenled u coarser than that of 
the secondary ; that the Eecondary coil has no connection with Ibe elemenls 
of the cell ; that the current going to the primary blndlng-poHlfl 1b generated 
by the Iron core, and is not that which origlnateB in the galvanic cell ; and 
that the interrupter boa a Bmall piece of platinum soldered upon It where it 

Patlente feel the current made b; the " break " more than that from the 
"make" o( the circuit ; hence one electrofle apparently gives a atrongei 



a aimple device known as the " interrupter," or " automatic 
circuit-breaker." An induced current leitkin the iron core of 



tlie helix is thus produced. This is tho current ivhicli passes 
througli the electrodes to the patient. 

Much ingenuity has hecn shown in the conHtruction of 
the " internipter " of a, faradaic machine. It ia very deaira- 
ble that glow and rapid interruptiimt may be produced, at 
the will of the- operator. If a machine only insures rapid 
interruptions, the slow interrnptions can be effected by the 
use of an " interniptiug electrode." 

The power of producing ek'ctrolysia, and some other 
eLemical properties peculiar to the galvanic current, are 
wanting in the faradaic. 

^ever attempt to ctmibine a galvanic and faradaic battery. 
Separate ceils should be employed for each, as the faradaic 
battery requires a cell of greater capacity than those used 
in portable galvanic machinec They may be placed in the 
same case, but each should be perfectly independent of the 
other. If a battery is designed for transportation, it is 
best to have one of each rather than two combined in one 
case. 

The faradaic current is an alternating current, i. e., one 
which goes in opposite directions at each make and break 
of the circuit. It is strongest when the current is brolcen. 
These facts are not generally recognized by the profession. 
The polarity changes with each interruption. The so-called 
"cathode" of a faradaic battery is felt the strongest by 
the patient. 

The helix of a faradaic machine is usually surrounded 
by a secondary coil of wire, known as the "seconrfary Af/ti'." 

This coil has no conneetian with the elenientu of the gerv- 
traling cell. The current produced within it is induced by 
the pBBsage of the current (formed within the generating 
cell) through the "primary helis," which magnetizes and 
demagnetizes the iron core. It is, therefore, called the 
'^ ^ondary current." It lias high teqsion, is alternating^ 
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and is employed in telephoiiiu Hnea, eiiefly on account c 
its high intensity. It ifi niodtfled in strength by regulating 
the amount of the secondary coil which overlaps the pri- 
mary — the smaller the extent of the overlap, the weaker the 
carrent. A sliding tnhe of metal is sometimes made to<a 
pass over the primary coil, or between it and the primal 
coil. This accomplishes the same results as if the helix wa^ 
movable. 

The primary anil secondary coils of a faradaic i 
are made of wire of different thickness and length. Man^ 
of those sold are poorly eoustructed. They are the i 
important featnrcs of the instrument, and should be n 
with the greatest care and of the best materials. A 
finish of brass mountings and varnish does not always 
dicate good workmanship in the coils themselves. 

Induced currents develop in the individual coils of t 
wire forming the primary spiral, as well as in the iron c 
which it invests, and also in the secondary helix. Th 
currents are of no therapeutical value without the iron cc 
as they lack sufficient intensity. 

If the secondary helix is composed of very fine wire, ^ 
the current induced within it is extremely painful. The J 
number of coils and the thickness of the wire selectedj 
for the primary and secondary helix should be graduate 
to a proper relation to each other and the electro-motir^ 
force of the generating cell employed. 

The term "primary eujrent" is often used as aynonyil 
mous with the galvanic. It is incorrectly applied by soma 
authors to that famdaic current which is induced by the n 
netizing and demagnetizing of the soft-iron core of the helix 

Static klkotbicitt is derived from friction. A revolt^ 
ing plate, or by preference several plates, of glass may ll 
employed as a generator. Static electricity is sometimai 
. called franleliniim, 



This form of current lias liigh teasion, bnt it p 
no cbemical properties. When a patient is chained with it, ^ 
it is necessary that the chair upon which he aits should be 
ifwilated by glass or rubier under the legs. When highly 
charged, aparta may be elicited from the hody of the patie: 
through the clothing. Tliis is not always desirable, but 
it often renders its application easy, and on that account is 
mentioned as an advantage by manufacturers of these instru^ 
menta. 

Experimentation has shown that this form of electricity 1 
is accumulated upon the periphery of the object charged i 
(as explained in all works upon physics). It apparently ' 
does not permeate very deeply below the surface. 

The MAONBTO-ouRRENT (called also the " dynam 
rent") is derived from a permanent or eleclnj-magnet, in 
front of which an armature is made lo revolve. The arma- \ 
tures are composed of a core of soft iron wound with insu- 
lated wire, and the currents produced are formed within r 
them by breaking the Unet of magnetic force. 

The stronger the magnet, the more rapid the breaks ] 
made in the current by the revolving armatures, and the 
greater the number of turns in the spiral wire of the arma- I 
tures, the more intense is the current. 

This form of current possesses great electro-motive force 
or intensity. Currents of this kind are of an alternating 
character. By means of an automatic commutator (polarity 
changer), they may be carried, however, in one direction, and, 
when so, they aBsume properties similar to those of galvanic 
currents. Electric lighting, electro-plating, and many other 
similar applications to the mechanical arts, are to^iay aooora- 
plished by means of dynamo-machines at a minimum coat 
as compared with battery currents. They are practically 
obaolete as a machine for medical purposes, as the current 
IB unsteady when hand-power is employed. 




being drawn, 1. e., Uio pBtletil being charged podtlvdy and tl 
connected wllh the ncjtatli'e pole of llie muchlne. No Leyden J»ri are employed 
in UJb fona of BdmloIiiCration of eUitlc electricity. Tlis "Indirect epork" is 
more commonly employed 11)19 the direct, one pnli) being H'tached, in tbie cue, to 
the Lntmlated platform, Ibe ottier being grounded by a lirara ciialn, and the elae^ 
uxide being gronnded by a chain attached to a gaa-plpe, a wster-faneel, or the lllce 
(800 Fig. 3U.1 

of little value. They cost as mach as a. good faradaic in- 
Etnitnent, and are not to be compared with the latter. The 
current generated in both is practicallj the same, but it ia 
irregular in point of strength in the magneto-current raa* | 
chine, and uniform in the faradaic iuBtrumeut. 
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All sLiliatances have an electrical condition which is in 
hereat or capable of being developed. Thi» concitioD i 
known aa the " potential" of a body. The electrical con- 
dition of the earth (which may be regarded as fixed and as 
a reservoir without limit) is used as a standard of compari- 
son of the ■' potential " of any given substance. 

Those bodies from which electricity tends to flow toward i 
the earth are known as "positive bodies" or bodies of "hiffk 
polentiai." They are designated by the plus sign (-[-)- 
Those which tend to draw electricity from the earth are 
called " negative bodies" or bodies of " low potential" and 
are designated with the negatire sign (— ). Almost every 
known snbstance may, therefore, be classified cither as posi- 
tive or negative under certain circumstances. Subsequent 
ejipianations will make this more apparent to you. 

When we speak of the " belativk potential " of two 
bodies, we mean the difference in degree of the potential of 
each. 

The bodies thus compared must both be positive or 
negative. One metal, for example, may have a potential 
seventy times that of the earth, and another one hundred 
times that of the earth. Both may be positive, yet one is 
negative as compared with the other. Two such metals 
have been happily compared to reservoirs at different levels 
(De Watteville). The tendency between two bodies of 
different relative potentials is for the current to flow from 
the body having the highest potential to that possessing 
the lower potential, thus tending to establish an equilibrium 
between them. In a galvanic cell, the element luost cor- 
roded by the fluid of the cell has the highest potential 
(positive element). 
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Tiie difference in equilihriiim between tlie "potentials" 
of two bodiea regulak's the intensity of what is known as J 
the " BLKCTRo-MOTiVB FOHCE " of the bodiea a 
cause the want of equilibrium ia the force which starts the I 
flow of an electric current in all cases. The size of the ele- | 
mcnts has nothing to do with it. 

The simplest form of a galvanic cell consists of two 1 
bodiea (whose potentials differ widely) immersed in a fluid j 
which tends to excite chemical decomposition of one of the J 
eletneots. Zinc and carbon are commonly selected for th«-.J 
Lnd dilute sulphuric acid for the exciting agent. T 



+ 




■ira. 4.— A SmPLB Gilvanh; Elebknt (nfter Erb|, Zf, e 

carlxm nr cppiHir ckment. The fluid is composed of dilqted ralphurle »dd I 
or ■solution of some of Ibe Bulls. Jn A Iliu circuit Is open ; Id 
bj a wire coniieEtliig tbe elements, Tbe arrow shows (he direction at llM J 
cnmflit ouUlde of and wlthlo tho cell. 



The zinc is strongly acted upon by the fluid, while the car- i 
hon is not ; hence th j zinc becomes tbe positive element and 
the carbon the negative. In most batteries of this type tho 
zinc is covered with mercury (amalgamated), to render 
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action of the cell more uniform and to prevent locJil uctjou 
upon the zinc. It also tends to preaerpe the zinc. 

An apparently discordant fact ahould be remembered— 
i.e., that the wire connected with the carbon of such a cell 
(the negative element of the cell) is the positive pole of the 
battery. This is because the electric current passes through 
the liquid from the zinc to the carbon, and hack through 
the external circuit from the carbon to the zinc. (Fig. 4, B.) 

When the elements of a. cell are connected externally by 
a wire, a current of electricity flows continuously from the 
cell-elements through both the wire and fluid. This is 
known as a " complete " or " closed cireuit." 

The RBsisiANCB offered to the passage of the current 
from the carbon to Ike zine ia the "external resistance"; 
that between the zinc and the carbon is known as the " in- 
ternal resistance" of the cell. 

The INTERNAL RESISTANCE of a galvanic cell may be 
modified as follows: (1) By the distance between the ele- 
ments; (2) by the size of the elements; (3) by the inter- 
venliou of some foreign body (such as a porous cup) between 
the elements ; and (4) by the character of the Jluid in which 
the elements are iraroersed. The nearer the elements are 
placed, the larger their size, the more direct the passage of 
the current, and the better the conducting power of the 
fluid used, the less the internal resistance of the cell, and 
vice verm. The internal resistance of a cell may vary be- 
tween a fraction of an ohm and one hundred ohms, accord- 
ing to its construction and its excitants. 

The EXTERNAL RKSI3TANCB is modifed by the length, 
the diameter, and the character of the conductor employed, 
When any substance (such as the human body, for exam- 
ple) is placed between the electrodes, the resistance offered 
to the pasaatce of a current by the interpolated substance 
must be added to that afforded by the conductors them- 
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selves. The rcsiatance of the human body varies from 
to 18,000 ohms. It is extremely low in subjects afflicted 
with general anasarca — probably because an excess of fluid 
renders the body a good conductor. The average resistance 
of the butnan body is not much above 2,500 to 3,500 ohon. 
The renistance afforded by the body ia modified (1) by t1 
saturation of the electrodes ; (2) by the moisture of the 
surface of the body ; (3) by the tissues through which the 
carrent is directed ; (4) by pressure made upoD the elec- 
trode ; and (5) by many other faclors which will be meu- 
tioned hereafter, among which the addition of salt to the 
water in which the electrodes are moistened is a very im- 
portant one.*' Ill cautery batteries the external resistance 
is increased about ji^-j for every degree centigrade when 
tiie temperature of the platinum wire is raised (De Watto- 1 
ville). Thus beat may bo a factor In modifying the exter-^ 
nal resistance to be overcome. 

The^elative resistance of living tissues is represented by 
the following figures (100 being taken as the maximum); 
The eye, 4; muscle, 6; nerve, 10; cartilage, 20; tendon, 
20; fat, 75; bone, 100; skin, 100, Thus the eye offers 
only -^ the resistance afforded by skin and bone ; muscle, 
-jij-; nervea, ^; cartilage and tendon, ^; and fat, J. The 
epidermis, when dry, is practically a non-conductor of elec- 
trical currents. 

Respecting this point, De Watteville happily remarks 
that " the human body may be compared to a vessel bound 

* In lealiug tbia point lately by meaiiB of a Brenner's rheostat, I 
found Ilie resistanee from right palm to left palm, in a boy of thirteen 
years of age, to be 1T,600 ohms, when pure nater vraa uf<^ and the 
electrodes prt'saeil flpmly againt the skin of both palms. Adding a tea- 
Hpooaful of salt to tlie water and again eoaking the sponges reduced 
tbe resistance to 7,500 ohms. This illualrntca well the nei'essity (or io 
flimple a precaution when employing electric currents upon animal 



ice . 
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with a poorly conducting material (tLe skin), unequally 
packed with non-conducting solid particles, the interstices 
being filled up with a aaline fluid of fair conductive power. 
The parts most densely packed with solid particles are rep- 
resented by the bones ; tlio^e where liquid predominates, 
by the muscles. Between the two are found the nerves, 
viscera, etc." 

Before we leave the discussion of the various forms of 
electric currents employed in medicine, it may be well to 
impress upon your minds some of the more important facts 
relating to faradaism and galvanism by means of a table in 
which the two are contrasted with each other. Such a table 
is not, to my knowledge, to be found in any work upon 
electricity. It may prove of service to you in many ways : 

THE FARADAIC OURHEHT 

Is an "induced current." 
Is produced by the magnet- 
uing and demagnetizing of 
a core of soft iron. 

Its polarity changes with 
each "make" and "break" 
of the circuit. 



The current is an inter- 
rupted one. 

It produces muscular con- 
tractions of an apparently 
continuous character, pro- 
vided the interruptions are 
very rapid. 

The polarity is inconstant, 
because the currents constant- 
ly alternate in their direction. 



Is due to chemical de- 
composition of one or more 
of the elements of a golvaniu 
cell. 

Its polarity is constant. 
The negative element of the 
cell becomesthe positive pole 
of the battery. 

The current is a continu- 

It does not produce mus- 
cular contractions, except 
when the intensity b in- 
creased or when the cireuit 



made 



r broker 



Each pole has a special 
therapeutical action peculiar 
to it under all circumstanceB, 



r 
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Ib Beldom administered by 
the 80-calied " polar method." 

Wide aeparation of the 
poles inteDHifieH the pain. 

The "secondary current" 
has greaterpenetrating power 
than the "primary current." 
Neither equals the galvanic 
current in tliie respect. 

It has no chemical prop- 
orticB. It may be modified 
by an automatic commutator, 
so aB to throw its currents 
constantly in the same direc- 
tion, as in a dynamo-machine. 
In this case it possesses chemi- 
cal attributes. 

A galvanometer will show 
only one deflection, i. e., the 
difference in strength of the 
"make" and "break" cur- 
rents. This deflection ia the 
same under all cironmstanceB 
when the machine is in use. 
It does not, therefore, indi- 
cate the strength of the car- 
rent conveyed to the patient. 

There is no difference in 
the action of the poles. 

The faradic instrument 
makes a " buzzing noiae " 
when in action. 




Ib adminiBt«red 

by the "polar method." 

Separation of the poles 

does not materially intensify 

the pain. 

Has a remarkable power 

of penetrating animal tissues 

placed "in circuit." 



Possesses inherentehem 
cal properties, hence its pow- 
er of producing eiectrolysis, 
an<i its use in electro-plating, 
electro-lighting, etc. 






Produces galvanometer 
deflections which are propor- 
tionate to the strength of 

the current e: 



The anode is the set 
tive pole ; the cathode 
stimulating pole. 

A galvanic instrument 
gives DO external manifesta- 
tion of activity, because it 
has no interrupter. 



the^^ 
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Electrical Units. — Before the construction of an elec- 
tric battery and the niodificattons in such an apparatus neces- 
sary to produce special effects are considered, it ia important 
that you familiarize yourselves with the various units of 
raeaaurement employed in electricity, and their symbols. 
These are as follows: 



Tsms Meisdked. 



Capadtj. 
Work or Energy. 
Power. 



Co«lutah. 

Ampire or Wdier. 

Volt, (contraction of Volta}. 

Ohm. 

Farad. (eoQlratlion of Farttda; 

Waa. 



B is the quantity that passes in one second of 
time against one ohm of resistance under an electro-motive 
force of one volt. We use this tenn as we do " pints " or 
" quarts " in speaking of fluids. One coulumb will decom- 
pose 92 microgrammes of water, and thus evolve 10-4 mi- 
crogrammes of hydrogen. 

An AMPERE is the current produced by one volt against 
one ohm of resistance. In medical practice, the milliampere 
is generally accepted as the unit of current-strength. An 
ampere will decompose "00142 of a grain of water. 

A VOLT is the electro-motive force necessary to produce 
a current of one ampere against an olim of resistance. It 
praoticaily equals the olectro-motive force of one Danioll's 
cell. We speak of a battery as of so many volts just as we 
designate an engine as of so many horse-power. 

An OHM is the resistance necessary to allow of one am- 
pere of current under an electro-motive force of one volt. 
It is equivalent to a piece of telegraph-wire one hundred 
metres in length and of a certain definite sectional area, or 
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tulliniL'tro in cUametei 



a column of 

I -OS metre in lieight. 

A FARAD iH tbe capacity of a condenser which would c 
tuin a charge of one coulutnb under an olectro-raotive foro 
of one volt, 

A joDLB is the amount of electric energy absorbed wha 
a conlnmh falls one volt. It is e:)uivatent to about } of tltfl 
heat required to raise one gramme of water at 0.° 
grue, or '7373 foot-pounds. 

A WATT is the power developed by one ntnp6re falKnj 
one volt. It is ei[uivalent to i^^ of a horse-power. 

The prelisea " mey " and " micro " denote million i 
millionth. For example, a megohm is one million ohiiMj| 
and a microhm is a millionth of one 

The names selected for the various units of measuremM 
are taken from those of prominent electro-scientists (Ohsi 
Volta, Faraday, Ampere, and others). 

Ohm's Law. — We are now prepared to consider the law 
of electric currents discovered by Ohm, by which the in- 
tensity of n current that will result from any combinataou 
of cells may be mathematically computed, and many other,* 
electrical problems solved. It may be thus stated : 



OF CCRBENT 



Electro-motive Force _ 
Ee8istanck ' 

(Internal + External) 



Ir + Er' 



expressed in symbols, C or I = 



Now, in constructing a battery, the object to be attain 
must be first considered. A battery designed to produc 
heat (the cautery battery), for example, is not built upon tfad 
same plan as one designed for ordinary medical purposes, f 

Again, different cells (such as those deviled by Danielu 
(Jrove, Leclanch6, Grenet, Bunsen, Smee, Hill, and others" 
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poBseBS special advantages and diiadvantagtn whieh have to 
he eonaidered carefvUy before a decision is made respecting 
the one which should be employed. 

Finally, t!ie number of cells, the arrangement of the ele- 
ments, and the the of the elements arc problems to be deter- 




A ConpODSii Chain (alttr Erb).— Throe 

VB. The circuit of cloBure ie e 



mined with special referfnce to the purpose for which the 
battery is dcsigaed. These points will be tonched npon 
hereafter. 

It is important that a few facts be stated in the begin- 
ning respecting the more common methods of connecting 
and grouping galvanic cells. Subse<iiiently, the different 
forms of cells employed by well-known manufacturers of 
electrical apparatus may be tersely described with advan- 
tage. Finally, the various attachments to an electric battury 
designed for medical purposes should be mentioned, and 
the uses of each briefly outlined. 

Let us suppose, for the purpose of illustration, that i 
have decided to uao a certain number of -cells foue of the 
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a forms subsequently mentioned) in preparing a 
tery for medicRl use. How shall we connect them 
best accomplish our purpose 9 

If we join the carbon and zinc elements together (tw 
that form of cell for example), and continue to do so tlirouj 




ID caliuxle. 






e have formed v 

an arrangement " in 

ir carbon elements to- 

c elements in a similar 



out the entire series of cells (Fig. 7), i 

is known as a " compound circuit," oi 

Bcries." If wo join all the negative o 

gether, and then the positive or : 

way, we have what is known as a "simple circuit " (Fig. 8). 

Finally, we may divide Ike cells into groupt ; then join those 

of each group in simple circuit ; and afterward unite these 

groups as if they were single cells, 
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Now, what will the effect of each of these methods of 
combination hnve on the intensity of the current? Olrni's 
law comes into play in deciding auuh a problem. 

We must first ascertain the internal resistance of the 
form of cell which we hare selected for onr battery.* We 
must know also the external resistance which we shall have 
to overcome in oar proposed use of it. Finally, we mult 
ascertain the electro-tnotiTe force of the elements of each 



Suppose, for example, that E=l, Ir = 20, 
The current of each cell would then be expressed i 



Er = 10. 



.033 + . Now, if twenty cells of this 
mple circuit," the elements have each 



20 + 10 
kind be joinec 

been practically increased twenty times, and the internal r 
sistance has therefore been decreased twenty times. The 

* To compute the iat^mul resistance of u, cell or batter; requites 
a|]panttiie uot geuerallj owned by medical practitioners, t. c, a coil 
rlieostat, which may be confidently regarded na accurate, and a carefully 
calibrated galvanometer, by a standard maker. The rulH given by De 
Watterille, and copied from him, apparently, by Araidon, would be 
simple it it were true. I have tested it again and again, and have per- 
sonally discnrded it as unworthy of credence^ I have also had a pro- 
fessional electrician lest it. He arrived at the same unsatisfactory 
results. The rule of Be Watteville, to nbicli t refer, is as follows ; 
Urst note the needle^deflection of the cell or battery to bo tested under 
a given resistance; then introduce suScient additional resistance to 
reduce the recorded needle-deflection exactly one hutf . The added re- 
sistance will equal the intemal resistance of the cell or battecy tested. 
The inlemal resistance of any cell can be computed with accuracy ; but 
by a more complicated method, described *n m t of tl e tsodard works 
upoa electricity. Most manufacturers can gi h req is information 
respecting the intemal resistance of any ce u ed by h m, and that 
reeistance, multipUed by the aumber of e emp ed will equal the 
total resistance of a battery (the cell be ug u ed d series," as 
shown in Ilg. 7). 
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external resistani-e rciiiaiiH the ^aim 


W 


tb ere fore Lave 


"-hUo-u-"""^ 

If the-e cells be now arrangod in 




pound circuit," 



line clLiDPnU c carboii or platinum clumenla Thin nrrangfiniHit is kn 
u in eeriuH or eomponnd circuit It IncreBsfls the clcclio-inotl™ 
force of the hatlerj 

the electro motive force and the internal resi3tan(,e will be 1 
increased t" enty times We should thus base the following I 

formula: C=— ^^^" = — = .048 + . 
20X20+10 41 ^ 

Finally, if the cells were arranged in four groups of five I 

each in simple oircuit, we should have practically four ce]l» J 

with elements five times aa large ; hence the iLternal res 



of the iMillery. 

ance would be only one fifth that of a single cell and the 
electro-motive force four times as great. We should then have 

the following formula : C= to \t\ ~ ii ~ 7 = -285 + . 
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Renieuiber that the eleclro-nwlive force means the differ- 
ence in potential of the cell-elementt. It is therefore un- 
ehawged by their size. A cup of water elevated one hun- 
dred feet will produce aB much pressure through a pipe 
connected with it (provided that the cup be kept constantly 
filled) as would a lake ten miles in circumference, at the 
same elevation and Bimilarly connected \vith the pipe. So 
it is with electro-motive force. The size of the elements 
will alter the quantity of electricit}' ^nerated ; but the elec- 
tro-motive force of a cell or battery will remain undisturbed 
by iticreaaing or diminishing the size of the elements. 1 
frequently hear this remark made : " The cells are too small 
for medical purposes, are they not i " To this question I 
would reply that intcuaity of current and moderate quantity 
are to be aimed at in constructing a medical battery. 

The few illuatmtions which have been given show 
that the current-strength has been modified in each in- 
stance by the changes made in the arrangement of the cell- 



If, however, we took a higlier external resistance (as 
would be required in a medical battery — say about 2,500 
ohms), we should find that the simple circuit arrangement 
made but little difference iu the power of the current, while 
the compound circuit materially increased the current- 
strength. It is important to remember, therefore, that tho 
external resistance is aa important factor in modifying the 
ulrerigth of the current, and that all combinations of cells 
are not equally efficient. 

J%e most useful battery for medical purposes is one which 
is planned vrith a view of malcing the internal and external 
resistances as nearly equal as possible. 

When we wish to construct a battery for ordinary gal- 
vanic treatment, it ia best to overcome the high resistances 
encountered by using a large number of small cells, with a J 
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high electriMiwtive force, coupled in compound circuit — 
" in series." The aggregate ioternal resistances of the celta 1 
Dever will exceed the esternal resislanee furnished by t! 
living tissues. 

In devising a battery for electrolysis, the arrangements 
should be such aa will aeenre simple intensity. The reBirt-^ 
anee to bo overcome by the eurrent in passing through I 
sraall portions of the body seldom exceeds 100 to SOO o 
A tmall number of eel h of medium size (16 to 24 of Grenet'tH 
cells), coupled in compound circuit, will give us the desired^ 
ends and accomplish the beat results. 

A cautery hattery requires very large plate», placed 
closely togeiher. In the " Piffard battery " the zinc plates 
are perforated, and the elements are so arranged as to be 
mechauieally shaken in the fluid while the battery is in 
action. I regard this as the best instrument of its kind. Its 1 
action is continuous, and the heat generated may 1 
tained at any desired temperatnre by one familiar with its j 
management. 

Thk Various Forms or Cells. — Human ingenuity h 
been strained to its utmost for nearly a century to devise an | 
absolutely perfeet galvanic cell. Space will only allow here ,1 
of a brief statement of the varieties of cells now in common 
use. The construction of each and the peculiar advantages j 
and disadvantages of each will be also tersely mentioned. 

SPECJAL FORMS OF THE GALVANIC CBLL. ' 

All forma of galvanic cells may be classed under one o 
three groups, as follows : (1) one-fluid cells, with do depolar- J 
izer; (2) one-fluid cells, with s solid or liquid depolariiteru 
(3) two-fluid cells. 

Each of these three varieties has many modifications^ 
which are commonly named after the inventor. A few o 
each only need be mentioned. 
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I. OKB-yLuiD Cells, with no Depolarize r.— The ele- 
ments of this group are all immersed in a flaid to which 
nothing has been added to prevent polarization (i. e., the 
fonnation of bubbles of hydrogen on the negative and of 
oxygen on the positive element of the cell during its period 
of activity). 

Smee's Cell (1840). — Perhaps the best of this group is 
that devised by Smee, It consists of two :rinc plates with 
one of platinized silver, suspended between the zincfl, im- 
mersed m diluted Bulphnric acid. The electro-motive force 
is about '47 volt. 

Walker's Cell (1859). — Platinized carbon is used in 
place of platinized silver. It is cheaper than Sniee's cell. 
E. M. F. = -06 volt. 




line mBnufBctursK tor 



II. One-fluid Cbllb, with Solid Depolarizers. — The 
best of this group is the cell devised by Leclanch^. 

Leclanchfs Cell (1868), — The tarbon element is packed 
in a porous cup, with the needle lorrn of the black oxide of 
manganese surrounding it. This cup is then pluced in a 



e vcs^e], containing & rod of zinc and a solution of sal 
TLe cup is carefully sealed to prevent evapo-j 
ration and escape of its contents. E. M, F. = 1-48 volt,1 
when the battery is not polarised. 




Cell. The zinc rod lEtae one witb IlB rbeophore 
Ucbed) ii ehann an ImiuFrBud Iq u Balutlon of Bmmoiilc chloride. The I 
boD elemcDt Is seen la project Bligbll]' above tbe poraun cup. lu which, w1 
the cell In properly prepared for aellon. U is packed *Uli peroiide ol m 
ganeee and aTterward covered with pitch. 

Marii-Davy Cell. — Amalgamated zinc, acidnlated v 
ler, carbon, and a paste of sulphate of mercury. E. M. F, ] 
= 1-63 volt. 

Agglomerate LedanehS Cell. — The carbon is snrround- 
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ed by plates of a special compoBition, which are hound 
around it by India-rnbber bauds. The internal resistance 
can be intensified by adding plates as desired. E. M, F. = 
1-48 volt. The internal resistance with three plates ~ 1-8 
ohm ; with two ^ !■* ohiu ; with one =z -9 ohm. 

III. OsB-TLni) Cells, with Liquid Depolaeizkes. — 
Of this group the Grenet eel! is the most used for jnedieal 
purposes. 

ffrenti's Cell. — The elements are two plates of carbon 
and one zinc plate (amalgamated). The zinc element can 
be lowered into the fluid or raised at will. It lies between 
the carbons. The depolarizer is bichromate of potassium. 
The actire constituent of the fluid is dilute sulphuric acid. 




i:.— QBiNBt'B CiLi. The fl&eks coms of hU pattenu, Bccordlng to Ibe 
taste of the vaiioiis makers. In thu form here depiclHl the zinc la lowered 
into the nnld hf a ]ointed handle, Tbia if tlie cell most need In poiiAble 
elecUif^a] apparatut^. It la cheap. efBcJaQt, and eaitUy repatTed- Removing 
the demehtsand replaelnf; tliem overcomes " polarlzalloa " In ciec thecnr- 
lent groHH n-eak from that canae. Some makera place the dnc la a drlp- 
cnp wken the cell is not In uae. 

'bese two ingredients form what is known as the " red-acid 
fluid." These cells are of different sizes. 

Trouvea Cell {1876).— Similar to Grenet'a, hut oiW^^ 
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size. E. M. F. = -2 vults. Tlic internal resistance vari« 
from -0016, when first set in action, to '07 after the 
" spurt." The plates are raised and lowered by a windlass. 
The extent of immersion can thus be graduated. This form 
of element is known as a " plunge-baltery." 

Fuller'^ Cell. — A porous cup containing zinc, mercury, 
and water is placed in a large glass jar containing red-sci 
fluid, in which a largo carhon plate is immersed. The met*' 



1 

he ^^ 




cury keeps the zinc amalgamated. The elements a 
removed when the cell is not in action. This form of cet 
is perhaps the best one yet devised to run the faradaic piirt^l 
of a cabinet battery. 

IV, Two-PLuiD Cblls. — In this group, the Daniel 
Grove, and Bnnsen cells are the most used. The two It 
are not well adapted for medical purposes. The fumN 
which arise from some of them are unpleasant. Djuamofl 
are now geiiernlly substituted for them iu the niechaniciJ^ 
arts. 
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Danietts Cell {1830).— The ao-cBlled " sQiphate uf cop- 
per" cells (of various types) are modificatjune of that de- 
vised by Daniell. The eleraentti are zinc and copper, sepa- 
rated in the original form by a porcelain or baked-clay 
diaphragm. The zinc is immersed in dilute sulphuric acid, 
and the copper in a saturated solution of sulphate of copper. 
K M. F. = 1-079 volt. The solution for the zinc element 
may also he pure water, salt and water, or a eolution of sul- 
phate of zinc. 

Siemens and ffahke's Cell. — This is a favorite cell for 
medical batteries in Europe, It is a modification of the 




IB. IS.— SawEHn ANU HiLSKE's Cell. Tlila tcill In verj cfflcieDt. but It Is ei 
peml™ to repair when the hallety becomes PihauHlid. It In W^blj recom- 
mended bj Bomo EnmpqBD sirthorMes for nse In B cabinet or pernmnent 
office bitl«7. In tbia counlr]' the Lmlancii^ cell !a more [avorably KffirSei. 



Daniell's cell and is expensive. A copper rosette ie placed 
in a saturated solution of sulphate of copper at the bottom 
of the jar ; this is covered with a porous diaphragm packed 
with papier-mucki, on which the zinc rests Burrouuded. b") 
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water. Water is added to the battery from time to lini^ 
and fl)i*o crystaU of the sulphate of copper. This form c 




'g QuAviTr C«Li.. ThlB call la emplojed very eslenslvely In teleg- 
raphy, nni In rocnminenrted bj Boms Bnthnm for punnaiicnt mEdical bat- 
l*rie«. WUen the Jara arc well psrafflned at tba lop the cella do not " ealt " 
baillj. Tboy require hnl Utile care when propeilj net up. PHreonillj, I 
modlflcallun of tbl? cell (in wblch tbe ztoc Ik placed wlttiiii a biu- 



totliei 






1« not aSecled b; sgltstloii. It olao baa a bigher Inteni 

cell is very constant ; hut it is extremely difficult to r 
when out of order. As a permanent batt«ry, such cells n 
last a long tiiae with proper care ; but they often do not, a 
the cells muy beeotne impaired from a multitude of c 
{poor construction, improper use, etc.). 

Jliirg Gravity Ce//.— This is another modification of 
the Daniell cell. It is used in medicine by many neurolo-J 
gists. A copper plate rests on the bottom of the glass i«tM 
covered with a saturated solution of sulphate of copper/f 
The zinc element is a disk perforated by a large central 
opening, through which crystals of sulphate of copper may 
be dropped when the battery is inactive. A solution of 
sulphate of zinc floats, without an intervening diaphra 
on top of the copper solution, and immerses tbe zinc disk 



not, M^^^H 
r»l I 




Outside of this pot pl.ntii 
placed in a glass jar, E, M, F. 



8S 



LECTORES ON 



I 



in bent into an S-sliape to increase its surface. Many 
fixations of tliis tell have been made for use in nieuhanioa 
arts. The fames arising from it are very objectionable. 

Bansen't Cell {1840).— This is a modification of t 
Grove cell. The platinum is replaced hy artificial carbon i|^ 
the form of a hollow cylinder, and a cylinder of zinc t 
bathed in dilute sulphuric acid. E. M. F. = 1-9 volt, 

ATTACHMRNTB TO A COUPLETE BATTERY. 

Although it is not necessary for a general medical pra 
titioner to have all of the attachtiients to a battery such a 
are employed by neurological specialists, still tt is impoi 
tant that they be mentioned here, and their nses interpre 
ed to you. The most important attachments to a cabinet 
or fixed battery for office use only, are a galvanometer, i 
rheostat, a thermo-electric differential calorimeter, a polaritn 
clianger or " commutator," and a variety of rheophores anff 
electrodes. Portable batteries do not require the first three 
of the attachments mentioned, but they should possess the 
others. 

The Ralvanomktbr. — When a galvanic current circn-J 
lates in a coil of wire about a magnetic needle, it c 
deviations of that needle, which are modified by both the^ 
strength and direction of the current defected into the coil. 
This fact has led to the construction of an instrument, called 
" thn galvanometer," for the purpose of measuring the 
strength and direction of a current deflected into a coil b(ki| 
neath such a needle. When this instrument {properly mad« 
and calibrated) is connected with a battery, the strength o 
any number of cells in milliamp^res can be determined,^ 
It is vitally important that the dial of a lioriaontal galvanome- 
ter should not be divided into degrees of equal distances. Suoltl 

* Every galvanometer ahnulil measure nt least i^uartera of the flnt I 
mllUampbre to be cooaidered worthy of iiHlocBement, 
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a galvanometer is absoltttely worthless. The gradQation of 
the dial should be hy tangeatt, as shown on Fi^. IS. 

The deflection of the needle grows less and less for every 
milliampere of eurretil ; hence a dial, to he accurate, should 




Fig. it.— a G; 
clrclf 

IS crlr[citm 
not fmUcalfl Fractions of the f 
galvocameler'nebdlfl dedectioi 
be mfflcicnt lo show »t la«l o _ 
fault In Gommon to all vertical inilllaiiii>^re'mel«i« wUli whlcb I am ac- 

am at work at preeetit upon a oev rortn of rnLIllamp^re-meter, wblch I hope 
will remedf Mt eerioue objcetloD and at the same Ume allow (he neodlu 
dctloctiotiB to bereadeapUf whoD Ihp dye is on the same ley^l as the needle. 
IV that it Is necmvary to gnidiisls uy gnlvanomeler above 40 



D patient 
ou^b a high reeietancc. 
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be carefully graduated so as to correspond with the needle- 
deflections for different cmrent-strengths. The flrst dlvvsiaub 
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on either Biiioof the zero point on such a dial will be c 
but they ahoiild gradually grow finer and liner till ' 
maximum point is reached. Such a dial will not be gra 
aled around its entire eiTeumferenee, as the maximum pc 
will be reached before the 90° of the circle on either * 
are required. My own galvanometer is graded into equal 
degrees on one half of the dial, and on the other half it is 
calibrated to milliarnp^res. 

Within the past few years the efforts of Erb, Eulenburgl 
and Bernhard in Germany, Gaifie in France, and De Wattw 




flection 

eome otber part or the dlaL Th( 
be Ihe dlttanccs marked upon the 
side of the zem polot 



as Mbtbod or T 
Btralght line a 
center of the cirmlu dial, 
steadily tend to *p- 
urUI iirodiice a needle de- 
milllainp^reB li 
I'e the needle, Ihe groMerwl" 
), and <lie dial alao, on d ' 
1 very MDeifire needle, balanced so ■ 
■eeord elghthe and qnarterH of 01 
ongenonKh. 



ville in England, have awakened the profession to the neoe 
sity of accurately measuring the current-strength employe^I 
upon a patient by means of a. reliable galvanometer. To f 
their views I lend my most hearty support. As well can J.j 
conceive of a boiler without a at«ain-gaiige, or of a dm 
store without a scale as a galvanic battery without a 
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vanomc-ter, provided its possessor aims at seicntitic pre- 
cision in his trentmeut of paticat8 by galvani'^iQ Much 
of the neurological lileratare we now possess is materially 
lessened in valne by the fact that the obsenations recorded 
lack Hcientific precision. If we expect to arrive at positive 
conclusions regarding methods of employing electricity for 
therapeutic or diagnostic purposes, we must have a more 
accurate and scientific basis for recording the strength 
of the current employed than the simple statement of an 
observer "that a certain number of cells were used" in each 
particular instance. Cells vary in their capacity and electro- 
motive force ; they change in both respects from day to 
day, from use and polarization ; the external resistance 
afforded by difierent individuals is not uniform, although 
the poles may be similarly placed and all precautions taken 
against poor conduction ; and many other sources of error 
may creep into observations practically made by "guess- 
work" only. The scientiSc world has now qaite generally 
accepted the "milliampere" as the recognized standard of a 
nnit of current-strength. A mi Hi ampere-meter is therefore 
the instrument which each of yoii should own, and al! of 
yonr observations should be recorded from the deflections 
of its needle. We shall probably be able soon to stato with 
some positiveness the number of milliamperes which are 
required to excite each of the more important nerves of the 
human body in health, and the exact limits between which 
contractions of certain muscles may thus be excited. Eulen- 
but^ and Weiss have already made a step in this direction. 
One reason why I prefer the vertical form of galvanome- 
ter to the horizontal is the fact that terrestrial magnetism 
does not exert an appreciable influence upon it ; hence ob- 
servations made with such an instrument would be alike in all 
parts of the globe. The vertical galvanometer is, however, 
more expensive, provided it is accurately graduated, than the 
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horizontal — a fact wliiuli, perliapB, would Itad me to advise J 
vou to purchase thu' less expensive instriimcnt. At 
request, Messrs. Waile & I'.artlptt liiivc lately graduatedj 




ftome horizontal milliaiiipere-inetera with great accuracy by ' 
a Thistleton's inBtrument. I can recommead them as 
liable and comparatively ioexpenaivo. Before you pur- ■ I 
chase this important attachment to a battery, test it, if ' 
possible, by one whose accuracy can be relied upon. I 
would far rather have none than a poor one. At pres- 
ent I am testing a vertical milliampere-meter, made after 
a design of T>r. Rndisch.* Hirachmann's vertical galva- 
* This is shoirn in a cut of m; own cabinet battery, on a succeeding 
pige, and in Fig. 20. 



nometer with astatic needles, called the "absolute galva- 
nometer," hae been highly recommended of late. I have 
not yet tested it. 




LHE-HSTEB (ftfcer an urlgtna] design by Dr, 
Radisch). ThJB iDBtrament I have teetod of lal« upon my own battery. Tn 
aOQie reHi)DctR It En an fxcelleDt ODe ; U will not^ however, record frtctlona 
or a mHIUmp^ aslefi ()ie dial [e magnified bj a g^aes. Tbia objectlrx] 
holds good, Blthoagh to a lose degree, o[ the more elabnrate Inittrnnieat do- 
vised by HlrBchnuuin, which Ik provided with ^^ehuota." Aa abwlucciy 
peifnt giJvBtiometer hu> yet to be devleed. Terrestrial TnagaeUHin can 
easily be overcome, but there are some mechaiilcal difflcalliea that arc mont 
lerioua. A vertical needle (if very long) Ib affected by RtBvlty when It ie 
deflcFlad by a nrong cnrrent toward the cnreme ilmlta of the Bcale. A 

IB dimcully, bnl is more or Ivm aHecIed by 



The Rheostat. — This is an appliance to regulate the 
extemaJ resiatauce of a battery under varying circumstances. 
Several devices are made for this purpose, hut the flnid 
rheostat (containing water, soliilions of salt, solutions of 
zinc sulphate, etc.) is all that is required fur purely medical 
uses. It is cheap, easily managed, and sutHciently accurate 
for the'parpose. It is liable to polarize * when uaed too 
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long, and does not act so well with strong currents aa with 
weak ones. It consists of a gloss tube flllcd with water or 
some prepared solution (pi'eferably a forty per cent, solu- 
tion of sulphat* of zinc), through which a brass rod or an 
amalgamated zinc electrode is made to elide up and dowu, 
thus separating its lower end from a button at the bottom 
of the tube. When the current is sent through this rod, it 
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is forced to pass through the depth of fluid that lies below 
it in order to reach the button at the bottom of the tube. 
By moving this rod, the amount of fluid which is thus iu- 

* Wb speak of an element as "polanted" when bubble* of hydro- 
gen or oiygea accutDulnte upoti it and thus ditninish its effiriencj. 
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terposed in tlie circuit of the battery can be graduated to 
any desired point. !ii thia way a greater or less resistance 
can be made at will, A fiuid rheostat is absolutely useless 
for meaaiiring the strength of a current, but is an excellent 
ajipliancc for modifying it. 

Thk Thermo-electric Diffsrential Calobimbter, — 
This apparatus is used in medicine to measure diSeroucea 
in temperature in homologous parts of the body, or of any 
two selected points. It is mueh more delicate than any 
fonu of surface thermometer, and is often very valuable as 
an aid in making a scientific diagnosis. Like many of the 
instruments of precision, it requires experience to use it and 
it is somewhat expensive. The study of surface thermome- 
try has not adsumed the importance which, in the opinion 
of the author, it is destined yet to take. Waite & Bart- 
lett, of N'ew York, have constructed for me one of the moat 
perfect instruments of this kind that I h 

The study of cerebral thermometry has already led to 
the discovery that the left hemisphere is normally hotter 
than the right (Hammond) ; that willed muscular action 
raises the temperature of the sealp over the motor centers 
called into action (Amidon, Gray, and others) ; that mental 
activity, emotional exuitement, and merely arousing the at- 
tention cause a rise in temperature (Lombard); and that 
tumors of the brain or its envelopes are indicated by a local- 
ised rise ia temperature over the site of the neoplas 
have lately made some novel and interesting experiments in 
this field which I propose shortly to publish. In detecting 
inflammatory conditions of the abdominal viscera, this in- 
strument has lately been employed with satisfactory results. 
1 have lately made an improvement • upon this instrument 
• The improTsmBnt to whii^h I refer coneists in the addilion of a 
polarit}' uhatiger of my own construction which enables tue to reverse 
the deflection of the needle without removing the thermo-plles from the 
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tipped cords i 



Fib. £&— TBinMD-Ei.Ei!Ti<i 

ne Ijlflding-poel of each u[ Van Ihennn-pUca to the two 
Uig-pOBta on liaAf^ oC tbo galvBnonieter, Then coDnect the twg rnns 
pwts, aae on each ot the IhermD-piJea with each othti', Atler eo i 
place the thumb on the taee of one of the Qienno-pilea and obwrve Ihs ~ 
dlreetioD ot the detleclJon ol the gnlvanometcr needle, then place t' 
face of the oilier thermo-plle, leaving the Itrrt uncovered, and, it the deSec- 
tlon Is In the oppiwKe direction to that Hm nbtidncd, the itiMruments an 
properly connected. If, however, Ihe aecond deflection la In nine dirco- 
llon aa obtained bi preeelng thnmb on flret thenno-pUe, dlaconnect tbe two 
corda from either thermo-plle and Interchange them, vis, : lain cord tr 
right-hand poR and place in lefi, and cord from left poot Hnd place lB'1 
right-hand piwl ; the denecHona will then he ae Orft alluded to, one | 
tnmlng needle In one direction and the olber In llie oppoeile direction. 

which enables the phyHician to detect difforcnces in then 
electro-inotive force of the thermo-electric piles employed. I 

surface of the patient. If the needle, for example, ahowB b deflectioBirl 
of 10° on the r^bt side and 12° on the left aide, the dilTerence of 9°''^ 
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This corrects all errors in observations made with this in- 
strument, 

Thb Currbst-Sblbctor, — TTiis device is now added to 
all of the modem galvanic batti^ries, whether designed for 
office use or for transportation. By it, the number of cells 
detired can be thrown inio eircvil. If a circular dial studded 
with buttons (which represent the cell-connections) is used, 
the bar which revolves and inipin;ECeg upon the buttons acts 
as a connection between the button on which it reste and 
the metallic pivot on which it revolves. 

It is important that this bar be broad enough to tonch 
each button before it leaves the one behind it, otherwise 
the current is apt to be broken when the intensity of the 
current is changed. I have known of serious result* from 
such an accident when a lai^e number of elements were 
being used upon the head of a patient. Al my suggestion, 
a modification of the dial current-selector has been made by 
Waite & Bartlett, of this city (Fig. 2'). 

Another form of current-selector is that employed by 
the Fame firm for some of their instruments. I greatly 
prefer it to any other kind for a portable battery, as it ena- 
bles the operator to select the desired number of cells from 
any part of the battery — thus insuring an equal amount of 
wear upon all of its parts. It consists of pins projecting 
from the dial-plate, each i>f which represents one cell. These 
may be brought into circuit by means of two metal caps 
which are placed upon any of the pins desired ; the num- 
ibowq double tlio imperfeL'lioD which exists in the thn'mn-pile thug 
tested, and the proper regiiitratian should therefore be 13^°. Such im- 
perfectiuas in lherEao.eleutric pilea are pracdvallj unaToidable and can 
be detected in no other way. As- far as I know, this defect has never 
before been reioedied. This has herelofore been the only serious draw- 
back to the differential i»luriinelor, sod the addition of this improve- 
ment renders the instrument far more viilnnble for m-tarute scientilic 
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the caps will immediately tell the 
cells are being used. An olijection to 





use ia that it dispenses with a polarity changer — in ease 
celb employed are capahle of being thus selected. 

Fig. 24 shows a portable galvauic battery of this make 
with the current-selector attachment described. In this 
form one stopper only is employed, however, and the cells 
in use are indicated by the numerals placed at the base of 
each pin. With this arraugeraent a polarity changer is ad- 
missible, and is generally affised to al! so conatnicted. This 
is particularly to be desired. 

One claim that is made in favor of this device is thi 
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tbis fonti of key-board prevents oxidation, as the wires 
which are usually employed to join the cell-elements with 
the currentrselector in other apparatnses are entirely dis- 
pensed with. This advantage is an important one to those 
who Jive away from the large cities and are not sufficiently 
jamiliar with electrical apparatus to make their own repairs. 

In batteries which arc formed of a large number of cells, 
it is best to have two dial currant-selectors, so that a gradual 
increase or decrease of the current can be made without 
breaking the circuit. In one dial, each button should rep- 
resent one cell, while in the other each should i«pre8ent 
from two to five cells. It is easier to make any desired 
combination of cells with rapidity by means of such an 
arrangement than if the dials were alike. 

The Polarity Changer ok Commutator.^MosI gal- 
vanic batteries have a switch upon the kyy-board that is 
intended for the purpose of changing the poles at will with- 
out disturbing the rheophores or electrodes. The details of 
the many mechanical contrivances employed for that pur- 
pose need not be given here. 

Thit attachment is altnogt mdiapettaab/e to a battery de- 
signed for office or experimental work, since the reactions 
of the poles can thus be more readily studied. It is desir- 
able, moreover, to have it attached to a portable galvanic 
battery. It should be so arranged as to permit of open- 
inp and clomre of the circuit, as well as the revtraal of the 

The Rhbophorks,— These are flexible wires which are 
necessary to conduct the electric current from the battery 
when in action to the patient. Insulated copper wire forms 
the best rheophore, as it is an admirable conductor. Tinsel 
threads insulated with cotton wrapping are more generally 
used, because they do not kink and are more flexible (al- 
though they are not such good conductors). They are coO' 



nected st one end to tbe " bindiny-posls " of thu liatterj, and 
at the other to the electrode. Thej should vary between four 
and six feet in leno^h. I have Bomo thnt are ten feet in 
length, which I employ when I examine the naked body of 
a patieDt lying upon a i^ofa or bed. 

The Eleoteode. — In order to apply a current of elec- 
tricity generated in a battery to the human body, various 
forms of electrodes arc employed as termini to the rheo- 
phorea. It is best to have a pair of handles to which dif- 
ferent forms of tips may be screwed, according to the re- 
quirements of each case. The tips may he made of plain 
metal, or of carbon or metal covered with sponge, chamoie- 
skin, or canton-flannel. The canton-flannel covering is the 
cheapest and cleanest, and may be renewed at pleasure. 
Each patient can thus have a clean covering for the elec- 
trode at every application. Flat electrodes of large size are 
useful, especially when a neutral point for the current is 
desired). Small tips (motor-point electrodes) are generally 
employed to direct the current to some special muscle or 
group of muscles. 

The wire brush is employed chiefly in cases where anfes- 
thesia eusts. It is the only electrode that is used dry. 

Most manufacturers advertise a case of electrodes de- 
signed especially for the application of electricity to differ- 
ent organs. Selections may he made from these as desired. 
I have personally devised several modifications of electrodes. 
These are manufactured by Waite & Bartlett, 

A practical point may be inentioned here, viz., that the " 
negative electrode {cathode) is the most painful to the pa- 
tient, and produces the greatest chemical action. It is a 
well-recognized fact that a bullet does the most damage at 
itd point of escape from any dense substance which it has 
penetrated. In the same way an electric current produces 
the most profound etfects at its point of escape from tb^ 
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body — i. e., the negative pole, 
a reddening of the skin, and fv 



lesication, produced hy a 




Fib. »,— Various forms of olectrod™ ( 
not shown in the cnt. (After Erb.l 
b. the eo-called " small " ulectrode 



strong current at the negirtive electrode if kept too long ii 
contact with it. The cathode is the " atimulating " or " irri 



tatiiig"polc (if each an expreBsion is adniiasible) of a 
vanic battery. The anode if, by contrast, the " sedative 
pole. 

For the treatmcut of special forms of disease by eli 
tricity, different types of electrodes have been designed by 
various aeurolog^sta. A device of my own, whicli simplifies 
electro-diagnosis and enables a medical observer to watch 
and compare the effects of electrical currents of definite 
strengths upon muscle- and nerve-reactions of opposed limbs 
simultaneoualy, will be described farther on. By means of 
this device the physician may sit at a key-board and excite 
different sets of muscles separately or simultaneously (with- 
out moving from his chair) by touching certain keys, as if 
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playing the piano or working a type-writer, I have found 
it, moreover, of great aasiatance in demonstrating before 
large audiences the action of nerves and rouBclea upon a 
living subject. 

Time will not allow of a detailed description of the 
electrodes shown yoii, most of them being simple devices, 




which really require but a limited experience to usq them ii 
a proper way. 

When you purchase a battery, two spoTi ^covered eh 
trodes will probably be sent with the instniment. 
vieable, for the fallowing reoaonit, to remove the sponges : 1, 
Cases have been reported where disease has been transmitted 
by sponge-covered electrodes. 2. In case the metal electrodes 
become oxidized, they can be readily cleaned, 3. When 
employed upon a patient's body, absorbent cotton, wet in 
salt water, can be placed upon the clean metal, and a piece 
of moisteued canton-flannel may then be wrapped over both 
and fastened to the handle with a rubber band, thus insur- 
ing absolwU cleanlineM and perfect eonduetion of the tleclric 
current. 

Patients of delicate sensibilities rebel against the use 
of the sponges which for months or even yeara have been 
employed in case after case reijiiiring electricity. Who 
of you would putroniKe a barber-shop where one towel con- 
stituted the entire outfit of linen ! Is it right to ask of 
patients what yim would yourself condemn ? Furthermore, 
how can electi'D<les covered with dirt and other deposibh 
under a sponge be perfect conductors of electricity t AIk' 
sorbent cotton and canton -flannel are far cheaper thi 
sponges, and can be thrown away after being used. 
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. BATTKRy AND BLKCTBICAL APPARATUS. 1 



In selecting a batt«ry for purely medical purposes, tlHM 
chief objects to be attained are (1) cheapntaa ; (2) coii-S 
itaney of the elements, and their acce»»ihilily for repain, 
cleaning, etc. ; (3) durability of Ike elemmta ; (4) a auffieUnt 
number of elemeTils ; (S) eate of renewal of the element» ; (6) 
ease of introduction of any number of elements into tkecirettit; 
and (7) an ability to Bclect suuli as may be re<]uired/rom 
any part of Ike battery. 




which a uillliaiapgK-meter. the Mlatlon at (able salt, aad the 
electrodeg in actual uee can be eel. A gissa corer prolocts the battery from 
dirl when not in uee. E, faradak coUe : A', plnoger ; O, (anidalc blndlng- 
poetfli ^, InTurrupter ; i>, diip-CDp; A, curreut^elector of elDglecella; 8, 
the eamc of fuiir celle to each button ; M, coll to woth ~ 
Ibo aslvanic current ; L, awilch \o work or disconnect t 
J*, galTBDlc binding-poits : 3-6 and 4-fl, connecting m 
action of M. The tsommutatur lies above P. 




For the general practitioner it is necessary, as H 
tbot a galfaaic or faradaic battery lAo// be arraitffed J 
IrantportalioH ; hence tEe cups which hold the flaid Bhoald 
liavf a rubber cover, or some other device whieU will pre- 
clude the [lUMibilitf of spilling the fluid. Again, some 
of the batteries manufactured are liable !>) become rapidly 
oxidized by the fumes of the battery fluid. This tenda to 
destroy their durability, and to cause difficulty in keepitu 
them in good working order. Finally, it is ti 
that portable batteries shonld be as light as posuble, a 
not too lai^e to be bandied eaBily. 

The atlachf/tents upon the key-board of every porta 
galvanic battery should comprise a current-selector and \ 
commutator. There should be at least four rhoophoree, ll 
order to make allowance for breakage, additional connet 
tions, etc. Several electrodes of different sizes and sham 
sbould also be selected — preferably a large, a medium, aiij 
a small one — a wire brush, and an interrupting electr 
These can be added to as circumstances demand. 

For office purposes a cabinet battery has some decidi 
advantages over a permanent one placed in an adjoi 
uloBct or collar and connected, by means of wires, with.l 
key-board in the consulting-room, A cabinet battery C 
be easily wheeled about, and is readily repaired. The c 
net should be so arranged as to allow the back and front q 
the compartment for the cells to be removed, i 
battery needs repairs, or a renewal of the fluid. The ooi 
ncctions of the battery with the key -board should a 
made as easy of access as possible ; this decreases the * 
pense of alterations or repairs when such become d 
They should be protected, moreover, as far as poi^bltt 
against oxidation and dirt. 

The cabinet battery which I use in my ov 
made, under my special direction, by Waite & Bartlett, a 




I 



I. ^.— Lar is e a luapU ograpti i>f one uecd by the author, and 

strncUid romdiBgn pcriu y m hedb. h m The 
fer In wverai respects from thoce comnmnly uned. The 
RejniDnd coil. The mlUiiiQipBru-melet nhowo in the ci 
I am at preMnt engaged in Ihe constnu^tlon of one of a novel pBturo.-t 
preeent totlie profeBelDn hereafter. The cbIIb aie ot l^el>»:\UK:,'&&^V£'< 
MlUcbmenl la operaled by a Piilier't! cell. 



this dty, and is as Rearly pi-rfect a» one could desire, 
containe fort;/ cell* o/ the Leelaaehi palltm, wliicb 
equivalent to nxty of the gravity cell. The coDncctions 
and the cells can be eipnseil and easily reached by remov- 
ing the front and back of the case. The accompanying cut 
represents it« special features better than a verbal descrip- 
tion. Considerable eipenae in constructing sacli a battery 
may be saved in the case, and by dispensing with some of 
the accessory apparatus shown. 

The gravity cell makes a very serviceable and durable 
permanent battery for office work. It has one advantage 
over some other cells — viz., that it has great constancy 
of action and that tU activity can be renewed by the ad- 
dition of erystals of sulphate of copper to the fluid when 
necessary without disturbing the cells. For this reason the 
SD I phate-of -cupper cell, in some one of its rarious forms, 
is employed excliHively in telegraphic liues. It can not 
be transported, however, about the room to auit the con- 
venience of the patient or the physician during his ex- 
amination HO well as some other cells adapted for a cabinet 
battery. It is also difficnit in many cases to repair the wire 
connections of a fixed battery (running, as they often do, 
through partitions and plastered walls to reach the key- 
board) when they become inefficient from any 

A PEBHANEMT BATTBBT is somewhat cheaper to const 
and takes up less room in the office than a cabinet, because 
ease is required; but, in my opinion, these two advantages 
are not sufficient to render it preferable to the other for 
office or experimental work, I have known sereral of my 
medical friends to discard it (after a thorough trial) for 
a cabinet battery. If a permanent battery is deemed pref- 
erable by any of you (for reasons of your own) rather than 
a cabinet battery, be sure and place your cells on shelves in 
your office or waiting-room, and not in a cellar. The wires 
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will not be ao liable to corrode from dampness, and the cells 
will be constaiitly under your eye, so that you can see when 
they require attention. 

Respecting the selection of the cheaper forms of bat- 
tariee for general medical use, it is important that accuracy 
of workmanship shall not have been sacrificed in order to 
lessen the cost. The construction of the primary and sec- 
ondary coils of a faradaic machine and the adaptability of 
the interrupter to slow and rapid breaks in the circuit should 
be looked into before a decision is reached. Poor coils and 
a bad interrupter render a faradaic machine almost worth- 
less. A "drip-cup'''' containing mercury, in which the zinc 
element is placed when the battery is not in use, is a desira- 
ble feature in a faradaic machine. 

Do not buy a magneto-*lectric machine whose motor 
power is furnished by a crank to be turned by the hand. 
It is practically useless for medical purposes when compared 
with a good faradaic instrument. 

The Grenet is cell now used by most of the manu- 
facturers of electrical apparatus for a portable galTanic or 
faradaic battery. It is the best cell for many reasons. 
A thirty-eel! galvanic battery gives all the current that is 
required by the general practitioner. Personally, I prefer 
the one made by Waite & Bartlott, of this city, over that 
of other manufacturers, on account of its modified current- 
selector (Fig. 23). It does not oxidize as do other forms 
of batteries (which have a dial currenfrselector attachment) 
when in constant use. It is also cheaper than those made 
by many other firms. Every galvanic battery should have 
a commutator on the key-hoard. Without this appliance 
electro-diagnosis becomes difRcult. 

Respecting the purchase of a static blkctric maohinb, 
it may be well to state that a good one is quite expen- 
and is only adapted for office use, I am convinced. 
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that static electricity has some points of advantage wliichrj 
can justly be urged in its favor as a therapeutical i 
but it can never be extBHsively employed or take tho plaoa 
of galvanic and faradaie cnrrenla. Its nse un questionably 
creates a profound impression upon the mind and body o 
th« patient. He fiits upon an insulated stool, nees thea 
"wheels go ronnd," feels himself getting charged with J 
electricity, and is made painfully conscious of its presence 
when sparks of an inch or more in length are elicited from 
his surface and through his clothing. How much of the 
reported benefits derived only from the use of this inatm— j 
meet are due to the niental impression so made upon thf 
patient is still a problem which I have not solved to i 
satisfaction. 

The best American instrument of this kind is probably' 
made by I. & H. Bcrgc, of New Vork. It works > 
in all weathers, aud their largest machine will produce a 
spark eight inches long. The electrodes for static electricilj:! 
have to be made specially for its use. They must be wel 
insulated by means of glass or hard rubber. Dr. W. ." 
Morton * has done much to popularize the use of static electa 
tricily in this country, A water-motor is required to ri 
large static machine with uniformity, although it is not sb > 
solutely essential to its use in medical practice, as hand- 
power will answer all practical purposes. A siugle'plate 
machine is but a toy as a means of treatment of nervous 
diseases, Sv^eient quantity, as well as length of spark, 
is essential to the satisfactory employment of static eluo- J 
tricity. My own machine consists of six revolving twenty- i 
inch plates and three stationary plates. It works well in ] 
all weathers, and gives as large a qnantity as any patient j 
can bear. 

The following deductions express my convictions regard-H 
• " Medionl Rocord," April, 1881. 
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ing the tberapeutkal value of static electricity, derived from 
an experience witli it in quite n large niiraber of caees : 




1. In certain diseaaed conditions 1 regard ita effects na 
more instantanpoiis and satisfactory than thoae of giilvaniam 
or faradism. 

2. A machine so inclosed in glass as to prevent the 
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action of dampness upon the revolvina; and stationary plates- ■ 
will work in all weathers, and is therefore free from thtfl 
most serious objection which can bo raised against frank> 
liniHm, In the aiimmer months the dampneas of the air ii 
liable to canse diffusion of the electricity generated by fric-T 
tion, and thus to render its employment upon a patient dif- 1 
ficuit and often unsatisfactory, 

8. Quantity, as well as intensity, is requisite ; benc^ 
large plates, and several of them, are preferable to any a 
the single-plate machines. 

4, In the treatment of muscular pmns, chronic miiscaJ 
lar rheumatism, spasmodic affections, the functional r 
ous diseases, and neuralgia, I have found this form t 
electricity of great value. 

5, In treating muscular pains and muscular rheumatism, 
spasm, and neuralgias, I prefer the spark to insulation. 
Patients who may have suffered for years are frequently 
cured in a few sittings. 

6, I prefer insulation over all other methods when thaJ 
tonic action of static electricity is desired. Cerebral hjiA 
pertemia and aniemia, headache, and vertigo are often I 
rapidly relieved by this method. I fretjuently combine 1 
insulation with Ihe "electric wind" {drawn from the head 1 
by means of an umbrella electrode) in these cases, as the i 
accumulated electricity is thus concentrated toward the , 
head. 

7, Sparks are particularly to service in treating numb- 1 
ness and cutaneous anxsthesia. 1 have remarked this effect 
especially in the sensory disturbances which frequently I 
accompany hemiplegia of cerebral origin. 

8, Hemiplegia and paraplegia are best treated by meana- j 
of the direct spark rather than the indirect spark. Some- J 
times quite severe shocks are required before the remedial 
effects become apparent. 
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9. Wooden electrodes are preferable to those composed 
of metal when employed about the eye or ear, or when the 
patieat is very aenaitive to electric currents. 




— DHAVINO tub iNnlHBCT SFJRII ritOH TIIB BODT 01 

hB electrode Is conneeled with n nelchboring gSH-pipf m 
cunipared witb Fig. a. 

10. By drawing sparks from the region of weak or 
diseased viscera, I have sometimes notieed very apparent 
benefits. Pulmonary, gastric, and hepatic disorders are 
often directly affected by this agent when so applied. I 
have relieved bronchitis in this way, and have had in Home 
instances equally beneficial results in thus treating nervous 
ia, gaatralgia, torpidity of the liver, etc. Some 
aatbors have reported beneficial effects from this agent in 
the treatment of phthisis. 



LECTURES OX 




ELECTItTCITT DJ MEDICINE. 



59 



11. Muscular contractions can be excited by static elec- 
tricity with far leas pain tlian by faradiam or galvanism. 
The 80-called " static induced current " * ia a very efficient 
way of subjecting individual muscles to the current when 
their contraction is desired. The painlessness of this method 
is a point which alone fihonld strongly recommend it. 




12. Perhaps the most phenomenal results which have 
been obtained by static electricity are achieved in the treat- 
ment of hysterical patients. Hysterica! aphonia, hemianses- 
thesia, paralysis, and hystero-epilepsy have been cured by a 
few sittings, by means of insulation aud sparks. 



The best battery is liable to get out of order. It ia an 
easy matter, aa a rule, to correct the trouble if the construc- 
tion of the apparatus ia thoroughly understood. The follow- 
ing hints may aid the reader in obtaining a satisfactory cur- 
rent with a minimum expense : 

1. Keep yoiiT battery dean and bright in all its parts. 
Close the case when the battery ia not in use, and thus keep 
out dnst, greaae, and moisture. Emery-paper is useful to 
• First dBBoribcd bj Dr. W. J. MgrWc 
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keep the metal connections free from rust. Remember that 
dirt, grease, or rust will often arrest the action of any haA-' 1 
tery. 

2. When the battery fails to act properly, examine the 
cells first and see if the Jlnid requiret renewal. The " red- 
acid fluid " is easily made by adding one part of commercial 
sulphuric acid to ten parts of cold water ; when coaled, one 
part of finely pulverized bichromate of potasBiam should bo 
added and mixed well. Tliia is the fluid commonly em- I 
ployed in portable batteries with cells of the tirenet pat- j 

3. If the fluid is found to be fresh, and if the zinc 
carbon elements are in good order and the zinc well amal-^ 
gatnated, examine ear^lli/ a/l the screwt and other co\ 
tioni attached to the elements and see if they have become I 
oxidized. Sometimes they become rusted or so CO vend J 
with accumulated dirt as to render the passage of the cur. I 
rent impossible. Occasionally the carbons may be discoB- 
nected and baked in an oven to render a Grenet cell mor6 
active. Soaking the elements (in situ) in hot water which J 
does not reach the connections will generally suffice to ] 
cleanse them. 

i. If the cell has become polarized when in action (by j 
bubbles of hydrogen which accumulate upon the carbon and .1 
of oxygen npontlie zinc element), lifting the zinc outof the 1 
fluid and replacing it immediately will suffice to overcome'] 
this trouble if the cells are of the Grenet pattern, Theas I 
bubbles of hydrogen and oxygen set up a coimter-current in A 
the cell which will weaken and may even neutralize the ( 
original current. 

5. Szamim the interrupter, the buttotis of the current- J 
selector, and the commulator for rust or dirt, and elean each 1 
thoroughly when the trouble appears not to be due to the J 
elements or their imujediate connections, 
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6. Tf a drip-cup is farmshr.d with a foradaic or galvanic 
battery, be careful to place the zinu element in it when the 
battery is not in use. 

7. Is portable galvanic batteries, be sure to place the 
rubber-covered diaphragm over the cells before closing the 
case and to screw it down tightly. This prevents the fumes 
riBing and oxidizing the counectiona of the elements when 
not in use. This does not apply to a red-acid battery when 
not being transported. 

8. Be sure that the rheopkores are perfect before they are 
used upon s patient. The wire used in their manufacture 
is liable to become broken or oxidized by use. This is 
especially true of the flexible, cotton-covered cords generally 
furnished with batteries. The electrodes may be tested by- 
employing a galvanometer, if an imperfection is snspected 
and can not be found. 

9. The wires that run from tlie cups to the buttons of 
the current-selector or the commutator may be seen on the 
bottom side of the key-board of a battery. They can be 
examined for imperfections when the other parts of the ap- 
paratus appear to be perfect. 

10. Do not thorl-eircuil a battery. By this we mean, do 
not allow a battery to run down, or, more technically, " polar- 
ize," by the poles being brought into contact without an 
inteiposcd body (such as animal tissue) for any length of 
time. For example, galvanic cells which have a low internal 
resistance (asaGrenet cell) become polarized in a few hours 
when the poles are connected by a short wire which affords 
little if any resistance to the current. 

11. Keep your electrodes clean. It is well to corer them 
with fresh canton-flannel for every patient. This is an act 
of precaution which will impress people with your regard 
for their feelings and for their safety from contaet with in- 
fectious matter, Sponges are too expensive to be renewed 



ao often. Absorbent cotton may often be placed betweea i 
the electrode and its covering with ndvantage. 



THE PKINCIPLES OF ELECTRO-DIAGNOSIS.* 

The various electric tests that are employed as aids ia] 
the diagnosis of nervous affections are t«o complex to t 
fully described and esptained without entering somewhi 
into the domain of physics and physiology. Erbf has J 
lately written an excellent work upon the subject, 
most of the later treatises upon physiology will afford you 
general information respecting the reactions of healthy mus- 
cle to the faradaic and galvanic currents. The few practical 
hints which are given here are offered with an apology for 
their ineompleteness, although it is hoped that they » 
assist you in your studies in this field. 

Having first moistened the electrodes and connected ' 
thera with the battery in action, it is customary to hold I 
them both in one hand (close together, but not in contact), 
and apply them to the ball of the thumb of the opposita 
hand or the cheek to sec if the current is passing properly. 
If the current to be employed is a very weak one, touch the 
electrodes to the tip of the tongue before it is used npon 
the patient. 

Next, apongo the part of the patient's body to be tested 
with a weak notation of table-salt in warm water, in order to 
reader the skin a good conductor of the electric currents. 
If the wire-brush is to be used, this step is omitted. 

The "polar method " is the one commonly used. Apply 

* PorUoDS of tbie lecCnre have already lieen published, 
■t ".Handboolt of Electro-Therapeutica," New York, 1883, 
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one electrode of large size, either over tbe breast^bone 
the pRtient (at about its center) or over the back of the 
neck. The breast-bone is the preferable point ou account 
of the ahsence of muscles in the median line.* The other 
electrode (of small size) is placed over some special nerve- 
tnmk or the muscle to be tested ; in case muscle is to be 
tested, the electrode is placed usually at tlie point whore 
the motor nerve enters its substance — the ao-called " motor- 
point" of the muscle. In this way the action of the two 
poles can be readily distin^ruished. 

In my work, "The Applied Anatomy of the Nervona 
System," I have reproduced von Ziemssen's cuts, illastrat- 
ing the situation of the motor-points of the various mus- 
cles. In case the interrupted or faradaic current is to be 
employed, the " polar method " need not be strictly adhered 
to, as it is decidedly more painful than when tbe electrodes 
are less widely separated. 

Use both tbe conlinuous or galvanic current and the 
interrupted orfaradak current in testing muscular reactions. 
The former is of the greatest value in diagnosis. 

In itudytjig the muKular reactions to the different cur- 
renti employed, remember (1) that the negative pole is 
called the cathode (C),f and the positive pole the anode 
(A); (2) that muscular contractions occur both when tbe 
current is altered in strength and when the circuit is closed 
or opened ; (3) that the faradaic current produces an appa- 
rently continuous muscular contraction, because its inter- 
ruptions are so very rapid ; (4) that very weak currents do 
• Thia is known as the "mdifferBnt point," when polar efftdi are 
being Btudieil at the otbar elactrode. 

I Germui authors employ different sjmboU from thOK given. 
These are as follows : C. 0. C. = Ka S. Z., C. 0. C. = Ea 0. Z., A. C. 
0. = An S, Z,, A. 0. 0. - An 0. Z. The symbolg Ka = cathode. An 
^alioile, 8 = closnre[(&Wi«nun^), 0:^ opening (0^/Vmn^), Z = mMl- 
traulioo (Zacknag). 
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not produce contractions ; (5) that alterations in the etrength 
of the current cause proportionate variations in the contrac- , 
tions ; (6) that the contractions are short, sharp, and sud- 
den in health ; (7) that the effects of applyiug the electrode ] 
over the substance of the muticJe and over its motor-point 
are identical in health, but not in some diseased conditions ; 

(8) that the galvanic current will not usually produce mu8- j 
cular contractions while it is constant, hut only when its j 
strength is modified or when the circuit is closed or broken; 

(9) that the direction of the current can be changed, with- 
out altering the position of the electrodes, hy a simple appa- , 
ratus that changes the cathode into the anode, and vice verta 
{the commutator). 

The current passes always from the anode to the cathode. 
Hence, when the positive pole is placed on the breast or 
neck, and the other on the muscle to be tested, we have a 
degeendiiiff current. An ascending current exists if the ca- J 
thode is on the same distant or neutral point. 

An "automatic interrupter" on an "interrupting ele&- J 
trode " is necessary in employing the galvanic current in ■ 
testing muscular reactions. 

The descending current, when closed and again broken, 
can thus g^ve ua ; 

1. The cathodal closure contraction : 

C. C. C. or Ka S. Z. of tlie Germans. 

2, The cathodal opening contraction : 
C. O. C. or Ka O, Z. of the Germans. 



The ascendin, 



\g current, when closed and again broken, ■ 
m give ua : 

1. The anodal closure contraction : 

A. C. C. or An S. Z. of the Germans. 

2, The anodal opening contraction: 

A. 0. C, or An 0, Z, of the Germans, 
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Tliese four forms of contraction require currents of 
different strengths to produce them. They are, therefore, 
induced by gradually increasinff the number of cells em- 
ployed. The following order is the one commonly observed 
in healthy muscle : 

1 C. C. C. = Ks S. Z. 

2 A. 0. C. - An 8. Z. 

3 A. O. C. = An 0. Z. 

4 C. 0. C. = Ka 0. Z. 

It will be observed that the cathodal contractiotis appear 
Rrst and last in health, while the anodal contraetiont follow 
each other ; also, tbat the closure contractions precede the 
opening contractions of both the cathode and anode. When 
a nerve-trunk is stimulated by electric currents the formula 
of the normal muscular contractions is altered. This will 
be spoten of hereafter. 

Again, as the strength of the current is gradually in- 
creased, the contractions which have successively appeared 
become intentijied proportionately (as is shown below), and 
new reactions are added : 

First st^e (moderate current), C. C. C, 

Second stage {stronger ciirren(), C C C and A. C. C. 

Third stage [still stronger current), C." C," C." and A.' 

C C and A. O. C. 
Fourth stage (very strong current), C" C" C.'" and A." 

C." C." and A.' 0.' C and C. 0. C. 
C" C" C" is called " cathodal tetanias,''' because the 
contraction U very violent. Sometimes the anodal con- 
tractions both occur with the same intensity of current, 
thus mer^ng the second and third stages into one. 
Again, A. 0. C. may in some cases appear before A, 
C. C. 
Disease of the nerve-centcra or of the nerves themselves 
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may cause modifications of the norm^ formula of musci 
contraption s. This constitutes the key-note to the value 
electric cuirenta in diagnosis. Mechanical devices ma}- be'l 
employed to trace the iniiscnJar contractions, as the sphyg-' 
uLo.-raiili doi-s thu pulse. (Fig. ^i^t.) 



HI FiiiONKAt. Nebvi in thb Lia (Erbl, K> = C, C. C. ; Att 

;. 1, Curve of henlih, tbiny-throe tlemenU ; C. C. C. le greater than A. C. C. ; a, cur 
c aDUrlor paUomyeliti?, showing reaction n[ degonenitinn with thirlj-lliree elemenU;' 
ate, with fort; element?. Id S Knd S, the tuceia of A. C. C o\er C. C. C. Is qipanmt ; 



If tlio destructive process is within tlie hrain or spinal 
cord, and dtualed above the " trophic eenlere " of the nerves 
supplying the paralyzed muscles, the electrical reactions of I 
the paralyzed muscles will be normal in respect to the b 
quence and cbaracter of the niuHCular contractions. Some- ' 
times, however, a much ttrotiffer current (galvanic or fant- , 
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daic) is required to produce them tlian over the healthy 
muscles. This fact is due to atrophic changes ia the muE- 
clea. It may be of decided value in diagnosis. 

Wheu disease processes in the brain or spinal cord cause 
destruction of the trophic centers of the nerves that supply 
the paralyzed muscles, or when the eerebro-npinal nerves 
themselves are iterlomly injured, we encounter what Erb has 
described as the " reactios Of dbgenkkatiok." This will 
require some explanation. 

1. Every nerve degenerates when separated from its tro- 
phic center ; hence, the electric excitability of the nerve, 
both to the faradaic and galvanic currents, gradually dimin- 
ifihes and ceases entirely at the end of abont two weeks. 

2. The faradaic current ceases to cause muscular con- 
tractions when applied directly over the substance of the 
mttscle. This is explained by the fact that the so-called 
" nerve-platea " within the substance of the muacle are de- 
generated, and currents of momentary duration fail to affect 
the muacnlar fibers. 

3. The muscular contractions produced by the galvanic 
current are diminished for about fen days. Subsequently 
the excitability of the muscles to slowly interrupted galvanic 
currents becomes increased, so that very weak currents may 
excite contractions. This may disappear in five or six 
months. 

4. The polar reactions became altered in their sequence. 
The anode contractions appear before those of the cathode, 
as shown below : 

1 A. C. C. instead of C. C. C. as in health. 

,.C. C. C. " A.C.C. ■' 

.C. O. C. " A.O.C. ■' 

,.A.O. C. " CO. C. " 

5. The character of the muscular contractions beeomes 
altered. In health, they are sharp, short, and sudden. 
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When degeneration occurs, they are slow to sppesr ; 

are prolonged anil continne even during tlie pass^e of the! 

current ; and, finally, they assume the character of "' tetanic " 

contractions, irrespective of the strength of the current ei»- J 

ployed. 

Finally, in unilateral paralysis the electrical reactions 
the muscles of the paralyzed side should be contraBted v 
those of homologous muscles of the unaffected side. W 
both sides are impaired, the standard of comparison shout 
be that of a healthy subject of abont the same size, 
and muscular development. 

Now let us suppose that we wish to test the reaction of 1 
some special nerve — the miisculo-spiral, for example. WeiJ 
place the positive pole (An) of a galvanic battery ovorM 
the breast-bone with a large flat electrode attached, and H 
negative pole (Ea) over the nerve (where it winds arouK 
the humerus below the deltoid muscle) with an 
rupting" small electrode attached to the negative rheo-1 
phore. We then put into circuit a few cells at a timoj 
and press the button of the interrupting electrode at in-l 
tervals till we get a contraction of muscles. When 
rent is sufficiently strong to excite the nerve-trunk, contrac- 1 
tion of the extensor musoles of the forearm becomes e 
parent (the cathodal closure contraction). Thus we aaci 
tain the number of cells required to produce C. C, C..-J 
{Ka S. Z. of the Germans). Now add a few more cellB, 
and reverse the poles hy means of the commutator. When 
the circuit is broken, by releasing the button of the inter- 
rupting electrode, we get the anodal opening contraction 
(A. 0. C, or An 0. Z.), and, with a few more cells, thfl • 
anodal closure contraction (A. C. C, or An S. Z.). Again J 
reverse the current, and add a few more cells. Now, on T 
pressing the button of the interrupting electrode, we get a 
very intense cathodal closure contraction (C". C". C". 
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or Ka S. Z"'.), and, on releasing it, the cathodal openiiig 
contraction (C. O, C, or Ka 0. Z.) is developed, thus com- 
pleting the chain of polar nerve-reactions. 

Ton should bear in mind tbat tlie polar nerve-rmctioni 
differ in their normal sequence from those of the muselen 
when the electrode is placed over the " motor point " of the 
muscle t«?ted. 

C. C. C.>A. O. C.>A. C. C.>C. O. C. 

C. C. OA. C. C.>A. O. OC. 0. C. 

The filial contraction (C, 0. C.) of each of these series 
is seldom seen, because the current required to produce 
it is too painful to be endured. Fewer cells ore required 
to came muscular formulm than those of a nerve-trunk. 

In recording the results of an electrical examination of 
nerve-trunks and muscles it ib best to arrange the record- 
page BO that the two sides of the body may be easily con- 
trasted. The number of galvanic cells employed or the 
number of milliamperes of current (as ehown by a galvanome- 
ter) should also be Bpecilied, and the faradaie reaction of 
homologous nerves or muscle should be stated for the pur- 
pose of comparison and for clinical deduction. We may ' 
follow with advantage some such plan as the following: 

NiUE, Date, Aoe 

HiSTDRv oi> CiHE. See page of Cask-Book. 

FiEiDAic Tksts. 





HiKhtBlde. 


Left Bide. 
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C. C. C. 
A. 0. C. 
A. C. C. 
0. 0. 0. 






Muscle- reactioiu . 
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C.O.C. 
A, 0. C. 
A. 0. 0. 
C. 0. 0. 




rauMla. 



Slips of this character may be printed and kept on Iiau4. 
They can be pasted into the caee-book of the physiciu) 

when filled out. The testa made at different dates can thus I 
be compared with euch other n.iid the pro<p-ess of eacb caM | 
detenuined. 




Fig, B4.— Thk Autboh'b Spbiso Klbctbodh.— ii. the binding -pout (or ntOch- 
ingllierheophcwewhkhconnBCttiltwitlitliKliMtBry, or Willi the dlagnoBllB : 
tej-hosrd when Ihnt InBtriunent le employed. The moUir polnl of tte eleo- 1 
node 1b reprenenlBd as enveloped Id chnmolB-Eikln. It must be tlioroughlj- I 
dampened in salt-nnd-uater before it la nnilied lo tbe oerve or muncle b ~ 
tested The other end of tbe eleetrudo 1b denized to prevent Bllpptng of 1 
the InBtrunent »fler lis proper ndjusunent. 

For the purpose of demonstrating tbe special action of J 
individual muscles and nerves before claases of students, as ,^ 
well as the study of muscle- and nerve-reactions in disease, 
I have devised small electrodes which may be made station- 
ary upon any desired part of the liead, limbs, or trunk, by 
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meaDfi of straps, strips of adhesive-plaster, or insulated 
Bpringa, By means of these 1 have been enabled to make 
man}' points clear to a large audience which would be ex- 
trernely difficult to show by any other method. Further- 
more, it is often desirable to refer from time to time during 
an examination of a patient to the effects of currents of 
known intensity upon certain nerves and muscles for the 
sake of accurate comparison, etc. Small electrodes of the 
type described may be accurately placed upon a patient and 
allowed to remain upon the spot selected during the entire 
examination. To each of these a separate rheophore may 
be attached and, by a simple device of my own, each may be 
controlled by touching a key upon a board, without move- 
ment of the operator. I can thus observe simultaneously 
the reactions of corresponding muscles or nerves upon the 




lo, SB.— Thb AuTHciii'p UiAONoeTiL liB¥-BosBD.-.4, Uie rheophore which 
connecU it with one oT the hindlng-pwla of a galvanic Intlery ; S, rhBO- 
phores cotmecllDg IW blndlag-po^lH with xprlng eleclrodvs preriaQsl; placed 
upon the hodj at the patient so an to inHtiiMice the nerveg or mtuicli» Co be 
(eUed ; C, bntlODB nod gprlnge which make a circuit to the bod; ot the 
patient when the knob on the spring is pressed downward so as lo Impinge 
Dpon the button. The nnmber of rbeuphoree which nuy be employed 
dependa apon the necessliiea of the case ; the cut skows an InBtrument 






^T,^ itidee, those of the leg and arm of the same aide, and 
any other comparisons which may be required in diagnoHiB. 



The "motor-points" of the body are not always exactly 
where charts depict them ; hence it is sometimes necessary 
to hunt for them within a radius of an inch or two of the 
norma! point. When they are found with exactness, a small 
electrode may bo fastened over the spot (with moistened 
absorbent cottoTi beneath it) and allowed to remain fltatioo- 
ary during the entire sitting. Whenever it becomes neces- 
sary to refer to the reactions of that point, it can be called 
into action by tonebing the key connected with it by 
individual rheophore. The cuts introduced show the 
rangement of my device for this purpose. I have gives 
more complete description of the advantages of this meth( 
over others previously employed, in the " New York Mei 
Journal " of May 9, 1885. 

Now, from such a table of record it is apparent that the 
faradaie current gkould Jirsl be employed upon the patient 
(the poles of the secondary coil being used). The extent 
of the overlap of this coil (in centimetres) necessary to- 
produce moscular contractions when the nerve- and musok 
reactions are being separately tested should bo recorded,,; 
In case no muscular contractions ensue, the extent of tlifi 
overlap which produces an unbearabli/ painful current aihoviiA 
be ascertained and noted. This may be compared with 
necessary to produce contractions upon the healthy i 
The " polar method " should be employed in the tests tbi 
made and recorded. 

The next step in the examination consists in ehai 
the rkeophoreB to the binding-poils of a galvam 
We can now ascertain the number of cells or of milliai*' 
percs (which is preferable) required to produce the different 
varieties of contractions (enumerated in the table designed 
for record) of muscles in homologous regions of the light 
and left sides. Each nerve which is impaired shonld be 
tested first ; and the uiuscles supplied by it should be tested 
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afterward The Btrength of the rurrent employed should 
be ascertained In tUrowing n galianonieter into the circuit 
(when e\trenie accuracy is desired) , bj so doing a compan 




Bon of the nerve- nnd muscle-reactioiis of the two 
be based upon conditions which are exactly alike. 



LECTURES ON 



WLeii we liave completed the ateps indicated by 
chart prepared for the aasistauce of the practitioQei (page 70) 
we are in possession of certain facts which may be of great 
practical value as regards both dit^uosiB and progni 

1. Suppose a case of localized paralyBis ie examined, and' 
the faradaic and galvanic reactions of both a n 
muscles are normal and exactly alike on the two aides. Wb;. 
have reason then to believe that the exciting cause is either 
hysteria, a lesion of a higher spinal segment than that from 
which the nerve arisea, or a lesion within the brain, pro- 
vided the possibility of deception on the part of the patient 
respecting his paralytic condition can be enctuded. 

2. If the Tterve^eactiont of the affected side to bo&- 
currents are exaggerated (1. c, if the contractions 
their proper sequence, but under a weaker current than is 
health), the probability of an existing central lesion is height- 
ened, although hysteria may possibly still exist as the ex- 
citing cause of the paralysis, 

3. If the faradaic current applied through the nerve _^t7* 
to produce contractions of the afiected muscles as readily as 
upon the healthy side (i. e., if a stronger current is de- 
manded to c^ll any one of the paralyzed muscles into action 
indirectly through the nerve which suppliesit), then we know 
that the nerve filamenti within the spinal cord or those of ' 
the trunk of the nerve itself are affected by a lesion wfaicl 
has impaired but not entirely destroyed their usefulness. 

4. If no current from a faradaic machine (which cai 
endured by the patient) causes muscular coniractioni, wo 
know positively that the motor cells of the anterior horns of 
that spinal segment which controls the paralyzed muscles 
are destroyed, or that the nerve itself has been severed from 
its connection with the spinal cord. 

5. When the hubclb-reactiokb to the faradaic current 
have been tested, the previous deductions (based on the 
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nervo-reactions) still hold good. The electrode should, 
however, be placed over the "motor point" of each muB- 
cle thus tested. These are shown in plates at the end of 
this volume, 

6. If the farwulm obtained by the galvanic current are 
normal, all quefitions regarding the existence of degenera- 
tive changes in the nerve- or the muscle-plates can be ex- 
cluded. When the normal order is altered, degenerative 
changes in the nerve- or the motor-cells of the spinal cord 
are prcscnL 

7. The history of a case in which motility is impaired 
is never complete without a record of an electrical exami- 
nation of the nerve- and muscle-reactions to both the fara- 
daic and galvanic current. When doubt exists respecting 
the existence of a cerebral lesion or hysteria, the facta 
obtained by other methods of examination {fully described 
by me in the " Medical Record," March, April, and June, 
1884) will clear up all doubts. 

8. Patients afflicted with paralysis from a cerebral lesion 
generally exhibit norma! electro-nerve and electro-muscular 
reactions in the paralyzed parts. In some instances the 
reactions may even be exaggerated. 

9. Hysterical patients afflicted with paralysis may ex- 
hibit either normal or exaggerated electro-mnscular reac- 
tions to faradism or galvanism. The sensitiveness of the 
muscles to faradism is generally decreased ; in some cases 
it may be totally wanting (Duchenne). 

10. In rheumatic paralysis the electro-muscular con- 
tractility is, as a rule, markedly increased ; this may be 
shown by a comparison of the reactions of the two aides of 
the body. In exceptional cases this is not found to be so, 
as I have seen the reactions follow only the strongest corrents, 

11. In peripheral paralysis the faradaic and galvanio 
reactions are altered after ten days liave elapsed. The mu»- 
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cuiar contractility to tlio faradaic current is lost early to s 
greater or less extent ; and the formula of degeneratirt 
changes is developed later by tbo employment of tl 
vanic current. 

12. A decreased musculo-excitability to the faradaiO'J 
current in the muacalo-spiral nerve and the ertensor rans-'^ 
cleB of the forearm on both sides — the flexors being d 
and the lower extremities being unaffected — tells us of thai 
approach of kad-poiaoninr} before the actual symptoms ara I 
well marked. 

13. In progressive muteular atrophy a response to the 1 
faradaic current can be obtained as long as any fibers in tbe % 
muscle tested remain free from fatty metamorphosis. 

14. No alteraCioTis in the electro-contractility of muscles I 
is observed in any of the diseases confined to the poilerior j 
part of the ipinal cord. 



DETECTION C 

In addition to the uses of electricity for the purpose of 
determining the presence or absence of nerve- and muscle- 
degeneration, and the discrimination between cerebral and 
spinal paralysis and the various types of peripheral palsies, 
some other useful purposes in diagnosis have been published 
from time to time. 

The Detection of Death. — It is stated that muscular c 
tractions produced by the faradaic current can not be maiii:^ 
tained over four hours in a dead subject. 

Malingerers are not uncommon among the applieante 
for charitable aid, and they are occasionally em 
among the higher walks of life. Epilepsy and paralysis a 
the most common diseases which are feigned. 

I'eiffned epilepsy can be distinguished by the appUcatioi 
of a strong faradaic current to the forehead or tibia \ 
means of a wire-brush. The intense pain so produced w 
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not be appreciated by a, true epileptic, but will briug the fit 
to a sadden close, if assumed in order to create sympathy j 

Feigned molor paralysis is UBnally exhibited in Bome of 
the various forma of peripheral paralysis. Few toalingcrers 
know enough to simnlate hemiplegia or paraplegia without 
detection. If two weeks have elapsed since the attack, the 
presence of normal electrical reactions of nerve and muscle 
in the affected limb is strong ground for suspicion, pro- 
vided a history of some cerebrul lesion or of hysteria can 
not be elicited. There ate various other tests which a 
skilled anatomist can employ in each case that wiU help to 
clear up all doabts upon this subject. 

Feif/ned aimntheiia may be told hy the use of the fiira- 
daic current with the wire-brush attached to the negative 
rheophore. The opposed limbs will quickly show how 
much actual aciestheaia exists, 

DETBOTiotf OP Bullets ob Bubibd Metal. — An ingen- 
ious application of electricity to surgery has been made 
which has utility in diagnosis. 

The Bo-callod " electric probe " consists of two wires 
which are perfectly insulated from each other by rubber or 
ivory. These wires terminate in metal tips which project 
slightly beyond the insulating medium, and at the other 
end of the wires a galvanic cell and an electro-magnet act- 
ing upon a bell are attached. When the probe is pushed 
into the tract made by a metallic missile, and the tips are 
brought into contact with it, the circuit is completed and 
the bell rings. The animal tissues are not sufficiently good 
conductors of electricity to form a circuit ; hence the bell 
will not ring until the metal is touched by the tips of the 
probe. 

Elbctro-diagnosib op Aural Disbabbs. — We owe to 
Brenner, of St. Petersburg, the first suggestions of this use 
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for electric currents in diagnosis. From a soinowhat limited ' 
experience Id ita use, I am led to believe that its utility can 
not longer be called into question. Brenner's fonuuU 
seems, furthermore, to be iii accord with all that has been 
proved in respect to nerve-trunks in health, in all parts o£ 
the body. The formula is simply that of the galvai 
tions of the auditory nerve in health. 

1. In place of the C. C. C observed In muscle, we ge^.J 
when a galvanic current is sent through the auditory nerve, • 
ringing noise when the cnthodal closure occurs. (C. C. 8.) 

3. The cathodal opening produces no efEect. 

3. The anodal oj/ening produces a ringing noin when K fl 
current of high intensity is employed. 

4. After the cathodal closure {cathodal duration — C. D.), 
the ringing noise produced at the closure gradually dimin- 

The formula which is indicative of health when a pola 
is connected with each ear may be expressed in symbols, u 
follows : 

BiuuT Eab (Anode). Left Ear (Cathode). 

C. (closure) S. (loud) 

O. (opening). ... S. (weak) 

D. (duration) 8. > 

Now, it is maintained by Brenner that any deviation 
from the normal reactions of the auditory nerve (shown in 
the preceding formula) indicates disease of the acoustic 
mechanism. The variations produced by the different dis- 
eased conditions encountered can not be given here fcoia I 
want of space- 
In applying galvanic currents to the ear, it Is best t 
place a medium-sized electrode over the entire tragus or t 
fill the external auditory canal of the ear to be tested v 
tepid water cont^uing a little salt, and then to introduce a 
electrode of metal iucloeed in an aural speculum of hst 
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rubber into tbe ear until the metal touches the water. If 
each ear is to be tested separately, the other electrDde should 
be placed at an iiidifEerent point, preferably the maBtoid 
region of the same side or the middle of the sternum. 

Regarding this test, it is well to state that repeated sit- 
tings are often necessary. The patient baa to become accus- 
tomed to the disagreeable effects of the current It is de- 
sirable that you begin with very weak currents and increase 
the strength very gradually. As tbe reaction of cathodal 
closure (C C.) is the most important, it can be intensified 
by previously allowing cathodal duration (C, D.) to act, or 
by rapidly following C. 0. by A. 0. 

Examination of the Etb, Nosb, and Mouth by Elbc- 
TBiciTT. — Special effects are produced upon the organs of 
sight, smell, and taste by electric currents. Sparks or vivid 
flashes of light follow electric stimulation of the eye ; and 
subjective odors and tastes are also produced when the ol- 
factory and gustatory nerves are excited by this agent The 
"polar method" of examination is employed when any of 
the special senses are thus tested. I would caution each of 
you against employing too strong currents about any of the 
organs of special sense. The examination of the optic, ol- 
factory, and gustatory nerves requires experience and should 
not be attempted by novices. 

When examining the reattions of the eye, the small elec- 
trode is plated upon tlie closed eyelid, temple, or forehead. 
The large electrode is placed upon the back of the neck. 
The rooro should be darkened and the patient should keep 
both eyes closed. 

When tesling the senile of taste, the poles should be in 
contact with the cheeks, and the sensations of taste experi- 
enced upon both sides by the patient should be ascertained, 
A fine electrode can also be placed upon the tongue, t 
pharynx, or the Inside of the cbeek, in case localized po 



reactions are to be determined. A double electrode, with 1 
two metal tips which are not in contact, may he employed^J 
for this purpose (Neumann). 

Electrical Examination of the Sensibiutt of i 
Skin. — ^The electrode devised by Erb is to ray mind tb^ij 
best for this purpose. It consiata of four hundred varnished A 
wires in a tube of bard rubber, Tlie ends of these wires J 
make a perfectly smooth surface. This electrode is 
nected with the secondary coil of a faradmc machine and is 
then pressed upon the area of the body to be tested — the J 
other pole being at the sternum. The minimum of the <J 
overlap of the secondary coil which can be felt and the 1 
maximum which can be endured are both recorded. Ho- I 
mologous parts of each side should be compared with ead] 




Fia. Sr.— Xbb'i 



Regarding this test Erb wisely remarks: "The 8ki%.1 
regarded as a sensory organ, caji not be tested with irritKntSU 
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other than those adequate to it — viz., touch, pressure, vari- 
ous temperatures, and the higher grades of those irritants 
which produce pain. It may be disputed whether electric- 
ity should he included among these ' adequate ' irritants of 
the skin. The electric sensation is a specilic, distinct qual- 
ity of tegumeatary sensibility, whose careful examination, 
however, is of value in many morbid conditions." 



ELECTRO-THERAPEU TICS. 

Wb have now discussed the essential points pertaining 
to oiectro-physics and electro-diagnosis, and there remains 
now for ua to consider the uses of electricity in the treat- 
ment of diseased conditions of various organs and tissues. 

Before we pass to details of the practical part it may 
be well for us to review in a general way some of the laws 
which should govern us in applying electric currents to the 
difierent tissues, and the objects to bo attained by the em- 
ployment of faradaism, galvanism, and statte electricity, 



OESERAL ELEQTRO-THERAPSUTICS. 
The rapidity and completeness of reported cures by the 
use of electric currents upon living tissues during the last 
quarter of a century leave no room for doubt that this agent 
is particularly valuable in the treatment of paralysis, neural- 
gia, spasmodic diseases, disturbances in the sensibility of 
the skin, and many disordered states of the brain, spinal 
cord, and peripheral nerves therasclves. Wc have undis- 
puted facts which prove also that blood may be coagulated 
with safety within some aneurysmal sacs by the galvanic 



current, that tlie life of the ovum may be destroyed in cxtr*-^ 
uterine pregnaney, that animal tissuea may be difliutegrat- 
ed by chemical eliangea induced within them by this agent, 
and that neoplaBms may be removed without htemoirhage 
by the cantery loop. 

Our present ignorance of the molecular and nutritive 
changes in tisBues (as the eanse or resnlt of disease) renders 
it impossible to do more than speculate upon the theory of 
the therapeutical action of electricity in many caaea ; but, 
on the other hand, our empirical knowledge of those effects 
ia none the less valuable because we are unable to explain 
them. The same criticisms would otherwise hold good in 
reference to almost all of the drugs employed in medicine. 
None of us know eiactly Aow they produce their specific 
effects. 

Concerning speculation upon electrical effects on living 
tissues, Erb remarks as follows : " What appears more nat- 
ural than that neuralgia and spasms could be relieved by 
the sedative action of the anode, with production of anelec- 
trotonus, and that antesthesia and paralysis could be cured 
by the exciting action of the cathode, with productioi 
catelectrotonus ? But, apart from the fact that we are not | 
certain that an increase of irritability really ocuurs in one 
group of cases and a diminution in the other, it must be 
remembered that electrotonic action disappears very rapidly 
after the cessation of the current, while the curative effeota 
of the current are more or less permanent." 

Now, wo may summarize the general principles whidt I 
regulate the use of electric current* as follows : 

1. They may exert, under certain circmnstances,a»(tt»i^>| 
latinff or irritating effee.t This is, perhaps, the basis of the ij 
most varied applications of electricity to disease. 

2. They may exert, when properly applied, a stdaUvtA 
action on nerves or nerve-centers. 
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3. They may be made to exert a catalytic nclitm upon 
neoplasiDB, enlarged glands, etc. 

4. They are capable of cansing etecirolyns. This action 
is one which has lately come into prominence. 

5. They create ktat under certain conditions. The 
galvano-cantery is t-o-day assuming a very prominent place 
in some of the departments of surgery. 

Let ua now discuss each of these special actions separ 
rately, noting the general points of interest pertaining to 
each which will aid us in properly treating our patients. 
Electrolysis and the galvano-cantery have been treated of in 
previous lectures, 

Stimulatiko or Ibbitatino Effect op Elbotricitt. — 
This is indicated in many diseased conditions. Among 
these the following may be prominently mentioned : 

Some of the various forms of cerebral and spinal dis- 
eases. 

Depressed irritability of some special nerve-trunks. 

Abnormal resistance to conduction of electric currents, 
exhibited by the motor or sensory nerve-filameuts of some 

As a counter-irritant to some pathological conditions. 

Trophic disturbances of special regions (skin, nails, hair, 
etc.). 

Vaso-motor depression. 

Atrophic changes in muscles. 

As a means of indirectly affecting the nerve-centers 
tbrongh the sensory nerves, thus influencing respiration, cir- 
culation, phonation, vaso-motor paths, peripheral organs, 
the muscles, etc. 

The methods of application which are beet adapted to 
accomplish irritating or stimulating effects are differently 
stated by authors. Personally, 1 do not confine myself ex- 
clusively to faradaism or galvanism, 
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The famdaic current is more commonly employed fi 
tbis purpose than the galvanic. The electrodes ehould b 
selected, as to their size and shape, in accordance with tlu 
ports to be acted npoE ; they should be well moistened witti 
salt water, nnd kept closely in contact with the skin, 
wire-brush is the best electrode to stimulate the nervi 
other tissues of the skin. It should be used dry, I prefer 
the secondary faradaic current to that of the primary c 
for stimulating effects. 

If galvanism is employed as a stimulant, Remak's plai 
of moving the well -moistened cathode rapidly < 
nerve-trunk or muscle to be stimulated, with a current snfR* 1 
ciently strong to cause strong wave-like contractions, i 
good one. Another method, termed by this author "t 
minal labile stimulation," consists in stroking the tendinoni ] 
end of a muscle with the cathode so as to affect the entire >j 
length of the muscle. In both of these methods the anodaj 
is kept stationary upon some indifferent or neutral point- 
the center of the sternum by preference, or the nape of tl 

One of the most vigorous methods of stimulation c 
sists in rapidly changing the polarity by means of a oc 
mutator, when the galvanic battery is employed. 

The Combined Current. — Another method which I en*- j 
ploy (not generally mentioned in text-books) consists in ] 
connecting a galvanicbattery, by meansof arheophore, wittJ 
a faradaic instrument, thus bringing both a constant wad ia- 4 
duced current to bear upon the tissues at once. The rheo*-J 
phore which connects the batteries joins the positive bindr I 
ing-post of the galvanic instrument with the secondary e 
of the faradaic ; the two rheophores connected with the e 
trodes run from the negative binding-post of the galvau 
and from the secondary coil of the faradaic instrument, 
two instruments (faradaic and galvanic) are thiowB x 
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action simultaneottBly, and the strength of the current em- 
ployed is graduated by the number of eells used in tbe gal- 

an' bitt ry and by the extent of the overlap of the sec- 
onds y 1 of the faradaic instrument. 1 have obtained 
some ema kablo results by tbe stimulatioQ thus produced 

n anou forms of trophic disturbances of the skin and 

The t nulation of nerve-fibers (when obstacles exist to 
their conduction) should be performed peripherally from 
the site of the lesion in sensory nerves, and as centrally as 
possible in motor nerves (Erb). JDegenerated and atrophied 
nerves and muscles require a direct effect of the currents 
employed. For these reasons, tbe site of stimulating elec- 
trical applications depends upon the situation and character 
of tbe lesion and the object to be attained. 

MoDiFYiHo Effects of Elbcteic Currents. — The irrt- 
lability of nerves and muanles may be inflaenced by electric 
currents. 

In certain diseased conditions we may expect a favorable 
result from such an action. Thus, for exampEo, in some 
typos of paralysis, in anfesthesia, in certain vaso-motor dis- 
turbances, and in depressed states of cerebral and spinal 
activity, the irritability of nerves or of muscular fibers ia 
diminiahcd ; hence wo resort to the so-called " catelectro- 
tonic action " of electricity as a means of stimulating and 
restoring the normal irritability of the tissues affected. 

It is now generally accepted as proved i'baX feeble faradaic 
currents will accomplish this end. Galvanic currents, when 
applied for this purpose, give more positive results, however, 
than faradaic. 

In order to increase irritabiliti/ by galvanism, the nega- 
tive electrode should be applied in a stabile manner {<. e., 
without being moved) to the part npon whieli this effect 
is to be prodnc ' nii ol the 
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currest should be steadily increased. When the musclea 
or motor nerves have been exhausted by over-exerlion, i 
ceasive fatigue, etc., this aution (termed by Heidenhaiii tlw 
" refreshing action " of galvanism) is particularly indicated. M 

Those conditions in which the normal irritability t^M 
nerves or musclee is inteHtified demand the so-called ' 
lectrotonic action " of electricity. These conditions conwj 
priao all irritative states of the sensory, motor, and \ 
motor tracts within or without the brain and spinal cordji 
hence we employ this action in neuralgias, spasmodic affec 
tions, hypenesthesia of any of the cerobro-spinal i 
headache, excitation of any of the special senses, cerebral] 
and spinal irritation, etc. 

In order to decrease the irritability of nerves or muKlei, ' 
we may employ very powerful faradaic currents. We may j 
also begin by employing a feeble faradaic current and grad- 
ually increasing its strength to the lilgliest point of enduT- ' 
ance ; then maintaining it at this point for some time ; and 
subsequently reducing it gradually to the feeblest current ■ 
perceptible to the patient. This method is known as the 
" inereoiing induction method." Electrodes well-moistened , 
and of large size should be employed and kept immovable 
upon the same points during the application. It is oftea J 
advisable to repeat this procedure several times at one sit- J 
ting (Erb). 

When the galvanic current is employed for the purpoaCi I 
of decreasing irritability, the positive pole is made fast at ' 
the point to be influenced. The curreut is increased i 
strength and maintained at its maximum for some time, after , 
which it should be decreased gradually until it can not be. 
perceived by the patient. Tlie gradual decrease of the cor- . 
rent-strength prevents the marked temporary increase ot 
irritability which is liable to follow this method when this 
step is omitted. 



Static electrici^ eierts in many cases an immediate bene- 
ficial effect upon noural^c pains (especially upon sciatica) 
and upon the variona spasmodic affections, as, for example, 
cborea, paralyaia agitans, tremor, contracture, etc. These. 
effects are obtained, in some cases, when galvanism and 
faradaism have proved of no benefit, I should never regard 
a case as incapable of benefit by electric treatment until 
static electricity, in the form of insulation, the electric wind, 
or the spark, had been thoroughly tested. I have had bet- 
ter results with this form of current in tremor than with 
galvanism or faradaism. 

Some forms of pain (aa, for example, the pains of ataxia, 
sciatica, trigeminal neuralgia, muscular rheumatism, etc.) 
are oftentimes relieved by a few applications of static eli 
icity. My experience with this agent baa convinced me 
.hat its effects arc often satisfactory in cases 
prominent symptom, when galvanism has been tried with- 
out benefit. I have found that insulation and the abstrac- 
of heavy sparks from the seat of pain give the best 
'esulta. 

Catalytic Action op Electrical CuRBKiraa. — Under 
,his heading we include (1) an increase of absorptii 
duced by dilatation of the capillary blood-vessels and lym- 
phatics; (2) an increased capability of tissues for imbibi 
of fluids, through an increase of osmotic processea. 
(3) changes in the disassiniilation and nutrition of uei 
on account of tiieir stimulation or " refreshing effac* 
changes in the molecular arrangement of tissu 
by electrolytic processes; and (6) the results oJ 
portation of fluids from one pole to the oti 
and Erb). 

Kemak has shown that muscles become c( 
greatly swollen when subjected to galvi 
lendered tenee, and (according to this obsei 
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water more freely tlian musclt which has 



L been galva- ] 



Changes of a umrked character may be induced in the ] 
skin by galvanism. These have been stadied by Erb, Re- '■ 
mak, Bollinger, and others. 

The vaso-motor nerves may be influenced by eleetrical I 
currents. This is shown by many of the later inveatigaf-4 
tions — prominently those of Lowenfeld, wbich apparently I 
demonstrate that contraction and dilatation of the vessels of ~l 
the brain result, respectively, from antero-posterior and trana- 1 
verse currents through the head from a galvanic battery. 

Although we are, as yet, unable to speak with positive-,! 
ness regarding the certainty of the catalytic effects of elec- ] 
trical currents, or to map out the forms of disease vfhich 4 
are to be regarded as specially indicating these catalytic 
effects, still it may be said that the following states have I 
been successfully treatftd by electrical currcnte, and that the I 
cures are probably to be attributed to a catalytic action:' 
(1) Inflammatory affections of the nervous system, includ-J 
ing sclerosis, myelitis, neuritis, etc. ; (2) arthritis and j 
chronic exudations into joints; (3) glandular enlargomeots;' 
(4) hard cicatrices, periosteal swellings, and fibrous adhe-'l 
siona; (5) contusions, sprains, extravasations of blood, and J 
other results of traumatisms. 

The galvanic current is the one that is generally eio 
ployed when catalytic effects are desired. In diseased ci 
ditions of the brain, spinal cord, or any of the deeply'' 
seated organs, the faradaic currents are not usually proda< 
tive of benefit. 

The "stabile method" of application of the galvanic | 
current is preferable, to my mind, when catalytic action Ik I 
to be attained. The strength of the current should be suf- 1 
ficient to easily overcome the resistance offered, and t 
duration should be sufficiently prolonged to ac 



changes in the tissues subjected to its influence. One pole 
is placed, as a. rule, at an indifferent point (the sternum by 
preference), and tbe other over the tissue diseased. Some- 
times, as in the case of the brain, for example, the poles are 
placed upon either side of the diseased part. AJthough 
there are esceptions to the rule, it is well to use the anode 
or positive pole over the diseased part when pain is pres- 
ent, when symptoms of active irritation esist, or when the 
morbid processes are very active. The cathode or negative 
pole is beat adapted to influence chronic morbid processes, 
sQch as BclerosiB, indurations, etc, Erb recommends that 
the polarity of the current be changed several times in 
either case ; he doubts the infallibility of the rale given, 
although it is theoretically sound. Chvostok urges the use 
of short and moderate currents for a few minutes (three to 
ten) when catalytic action is desired. In this way, he 
believes, the vnso-motor and trophic nerves are more im- 
pressed than by any other method. 

Respecting the catalytic action of faradaie currents, a 
diSerence of opinion exists between authors of note. One 
thing is certain — viz., that strong currents are required, and 
that the currents must be passed directly through the dis- 
eased part to accomplish marked results. Glandular tumors 
have been resolved by this method with great rapidity in 
some recorded instances. 

Galvanization of the Cebvical Svmpathktic, — This 
method has afforded relief, according to published cases, in 
vaao-motor and trophic disturbances of the nerve-centers, 
the eye, viscera, muscles, joints, and skin. Thus, for ex- 
ample, cases of cure of epilepsy, atrophy of the optic nerve, 
Basedow's disease, progressive muscular atrophy, lead-palsy, 
scleroderma, chronic rheumatic arthritis, bulbar paralysis, 
neuralgias of various types, and many other conditione have 
been reported by means of this method. Respecting this 
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step, Erb wisely remarkn as follows : " Tlicre can probab^J 
be no doubt of the correctness of a part of these observaj 
tioTiB, bnt this does not by any means imply that the ci 
cal sympnthetic is responsible for snch results." 

When we review the structures which compose the neofc| 
and recall the numerous connections which exist betweeff-il 
the sympathetic eords, the pneumogastric nerve, the brainf 
and cervical segments of the cord, the mednlla oblongatk^fl 
the brachial and cervical plexuses of nerves, etc., it betf 
comes clear why De Watteville applies the term " sub-aurd'W 
galvanization " and Erb the term " galvanization of thttl 
neck " to this special proeedui 

The steps required to influence these parts by MeyeF*STl 
method consist in the application of a small electrode (c»- f 
thodc) under the angle of the jaw and adjacent to the hyoid 
bone, and then crowding it backward and upward against 
the vertebral column, the positive electrode (of lai^er size) 
being placed over the seventh cenical spine. The current 
may be stabile, labile, or interrupted ; or the polarity may 
be changed from time to time during the sitting of from 
one to three minutes. Bix to ten galvanic celts of the J 
Grenet variety are sufficient. The application may be uni-J 
lateral or bilateral, according to the demands of the case. 

Coming has devised an instrument which insures carod^'l 
compression with galvanization of the neck for the tresb*fl 
ment of cerebral hypertemia and some other morbid coudi<] 

Benedict places the positive pole in the jugular 
and the negative pole upon the superior cervical ganglioi 

General Faradization. — This method of adtn 
ing electricity was first employed by Beard and Roi 
By this procedure the entire body is subjected to secondai 
faradaic currents of varying intensity. It is appHc 
chiefly to those forma of nervous disturbance wbicl 
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associated with gcDeral debility, poverty of the blood, spe- 
cial diatheses and cachexia, hysterical affections, skia dia- 
eaees, persistent chroDic infiaiumations, and other results of 
low vitality or functional derangements of the organs. 

To apply this method, the patient must be undressed or 
very loosely clothed. The feet are immersed in a howl of 
tepid water with a little salt added, in which the cathode 
is also placed after being connected by means of a rheo- 
phore to the binding-post of the secondary coil of a faradaio 
machine. The anode is h Id n h nd of the physician, 
and his other hand (well te d Baltwat«r) is applied 

to all parts of the surf f th p t ent'a body. If the 

subject can bear it, a lar 1 d ered with absorbent 

cotton and flannel, or wi h ft p g s employed in place 
of the hand. The application shooid begin at the head and 
terminate at the feet — the strength of the current being 
modified from time to time as the feelings of the patient 
may demand. The extremities and back should have vig- 
orous stimulation, the nerves of the neck should be influ- 
enced by a much weaker current, and the cceliac plexus 
Bbould he influenced by a stabile application of a few min- 
utes over the epigastrium. The entire duration of the 
application occupies from tea to twenty-five minutes. It 
may be applied as often as three times a week if necessary. 

Personally, I can attest the eflicacy of this treatment as 
a general tonic. I have witnessed immediate effects from 
it in some of my cases, and I employ it constantly in a modi- 
fied form. 

In case the hand of the attendant is to be employed as 
an electrode, I would advise you to use the instrument 
which I now show you as a great iinprovement over the 
way described by the inventors of this method. It is called 
the electric bracelet. It is placed upon the right wrist of 
the attendant over a pad of wet absorbent cotton, and the 



rheophore ia screwed into the binding-post upon it. The 
right hand is then wet in eilt water and used as previously 
described. By this instrument the hand of the attendant 
is alone subjected to the current, and the fingers can detect 
muscular contraction in the patient even when too feeble to 
be seen easily. As an adjunct to massage, I employ this 
uBcfiil instrument with decided benefit. 

General Galvanization, — The steps required by this 
method are similar to those previously described, except 
that the constant-current battery is employed in place of a 
faradaic machine. 

Cbntkal Galvanization. — The cathode is placed over 
the epigastrium. This electrode should be of lai^e si^e, 
The anode is stroked over the forehead, with a current of 
about two mijliamperes, for two minutes ; then made stabile 
over the cranium for about two minutes ; then moved up 
and down the neck on each side for the same duration ; 
finally it should be moved along the length of the spine for 
about five minutes. This method was a favorite one with 
the late Dr. Beard, who reported cures of gastralgia, hys- 
teria, hypochondriasis, nervous dyspepsia, and many of the 
symptoms of cerebral aud spinal neurasthenia by its con- 
tinued use. In two cases of gastralgia in which I per- 
sonally employed it for some time I obtained an absolute 
recovery. 

The Electrical Bath. — This method of administration 
of electricity to a patient may be accomplished by using a 
metal tub, or one which is composed of a non-conductor. If 
a metal tub is employed, the patient must be protected 
from actual contact with it. This is usually accomplished 
by means of wooden slats or some other medium of support 
for the patient when immersed. If the bath-tub is of 
metal, one rheophore of the battery employed is attached 
to the tub, white tiie other is attached to an electrode held 
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l>y the patient or placed in contact with hia body. If tlie 
tub IB of a non-couducting material, both electrodes may be 
placed in the water. The electrodes employed should be 
very large (often running the entire length of the tnb), in 
order to allow of aa great a difiusion of the electricity as 
possible. The fluid in the tub may be simple water, or, 
preferable, a solution of salt, soda, or an acid. 

Personally, I am not a strong advocate of this method 
of treatment. It violates one of the fundamental principles 
of electrical treatment of localized affections in that it does 
not confiae the polar action to the part or parts diseased. 
In the second place, I have not found its tonic action to 
equal that of general faradization or general galvanization. 

Strong claims have been made in its favor as a remedy 
for tremor (especially of the alcoholic and mercurid varie- 
ties) and for chronic articular rheumatism, but I am not 
yet convinced that they are to be regarded aa well-estab- 
lished. 

If you desire to try this method of treatment in any 
case, it is well to know that the temperature of the bath, as 
well as the strength of the current employed, should be 
modified by the condition of your patient. The duration 
of the bath should never exceed thirty minutes, and ten 
minutes will generally siifflce. The current should be strong 
enough to be perceivcjl by the patient in all cases. 

The Rkliep op Painpul Points, — One of the most 
generally useful effects of electricity is the relief which it 
affords in many cases to pain. Of all the methods of treat- 
ment of neuralgia now employed, I consider electricity, in 
some of its various forms of application, by far the most 
efficacious. Personally, I have almost discarded internal 
medication for the relief of this class of sufferers. Yon 
have personally witnessed in one or two cases brought be- 
fore you the immediate relief which follows the application 
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of electricity to painrul points, and you bave seen neuralj 
cured at one sitting by tlie same agent. Do not understand 
me, howevor, as maintaining that this can be accomplislied 
in all caaes. Repeated applications are demanded, as a nili 
and, in some instances, months of treatment are required 
insure a cure of this distressing malady. 

In the majority of subjects afflicted with neuralgia, pi 
fnl points may be detected along the course of the affected 
nerve or its branches. Tliese are situated, as a rule, where 
the nerve given off a branch or bifurcates, and also wliere it 
passes through a foramen. Sometimes it is necessary to 
make pressure along the course of the nerve to detect the 
existence and seat of these points. 

Now, it should be remembered by each of you that the 
successful treatment of neuralgia depends largely 
cases upon the direct treatmen-t of tkeK painful pointa. Tbey 
seam in some way to have a relationship with both the pro- 
duction and cure of neuralgia, as well as spasm of the moft-^ 
cles, ataxic symptoms, and other forms of nervous diseasea^- 
These points may be the seat of a localised periostitis, a 
circumscribed inflammatory exudation, a neuritis, 
larged gland, and many other conditions which create nerv- 
ous phenomena. In a few instances the symptoms even 
of ataxia have been relieved, by the electrical treatment 
painful points in the region of the spinous and transvei 
processes of the vertebrse, by men of note, among whoi 
may be mentioned Brenner, Remak, Meyer, Legros, 
others. 

The steps which you should employ in the treatment 
painful points are as follows : 1, Use the galvanic cuirt 
employing from three to eight Grenet cells. 2. Apply 
anode to the painful spot, and keep it stationary at 
point 3, Place the cathode at some indifferent point, pi 
ferahly the sternum. 4. Do not use a current which will 
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escessively painful to tlie patient, nor exceed five minutes 
in the application. I frequently do not allow the duration 
of the cturent to eiceed two minutes at a sitting. It is ad- 
visable, in persistent canes, to make the applications d^ly. 

Of late some experiments have been made, with appa- 
rent benefit, by liaving patients of this class wear over the 
painful points a piece of metal, connected with another piece 
of metal (which is also in contact with the skin) by an insu- 
lated wire. The best metals are zinc and copper. They 
should be brightly polished before the application, and 
should have a piece of dampened linen between them and 
the skin. They may be worn continuonsly for weeks, or 
changed each day on retiring and rising. 

Some authors reconimend the employment of very feeble 
galvanic currents for an hour or two at each sittittg, the 
anode being placed over the painful point. Lo Fort goes 
so far as to suggest the propriety of applying such currents 
continuously for weeks, by means of ordinary rheophores 
and electrodes, when fatty changes, contractures, or refiex 
paralyses are to be combated. 

Eleotrolvbib. — When a galvanic current is concen- 
trated within animal tissue by a close approximation of the 
electrodes, or when, by means of the "polar method" and 
insulated needles, a galvanic current of high intensity is 
made to traverse some selected spot upon the human body, 
there is apt to be a chemical decomposition of the water 
and salts, and a coagulation of the albuminous elements of 
the tissue thus acted upon. The salts are then separated 
into their bases and acids, while the water is simultaneously 
decomposed into hydrogen and oxygen. The positive pole 
attracts to it the acids and the oxygen ; the negative pole 
attracts to it the alkalies and the hydrogen. For this reason 
the insulated needles tend to become oxidized when til 
are connected with the positive rheophore. They do 



become bo wLeii Bttathed to the negative rheopho 
free alkalies deposited at the negative electrode are apt," 
on the other hand, to cause destractive eSecte upon adja- 
cent tissues. These are greatly in excess of that produced 
by the oxidation of the metal points of the iuHuJated needles 
when joined to the positive rheophore. 

When we wish to test the etrength of the current 
we propose to employ for electrolysis, it may be easily done- 
by sending the current through the white of 
twenty or thirty minutes. lu that time it should coagulate 
the albumin. 

In order to reach the parts upon which we most desire 
to perform electrolysis, it is often necessary to perforate the 
skin and the roiiHcleH. To do this^ needles are employed. 
They should be insulated with hard rubber, collodion, or 
shellac, except at their point for one half-inch, and the un- 
covered part should be gilded, as a rule, in order to prevent 
its oxidation. They should be from two to five inches long; 
should he strong enough to penetrate tissues without 
bility of breaking; should be as small as is consistent with 
the current-strength to be employed; and should be bO. 
arranged as to enable the operator to adjust thera in 
handle to which one of (he rheopbores of the battery may' 
he attached. Ordinary sewing-needles strong 
may be employed in treating superficial nsevi, tumors, etc., 
if yon lack the instruments specially designed for the pur- 
pose. You may shellac them for insulation if deemed best 

It is very important, in some cases, that the insulation 
of the needles employed be as perfect as possible ; and that 
the tips of the needles be triangular or lancet-shaped, in 
order that they may penetrate the skin with ease. The 
needles and handle required can be bought of any 
turer of electrical appliances. 

The battery employed for electrolysis need not hi' 
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like tLat for ordinary medical purposes. Tweiity-four of 
Grenet's colls will produce a sufficient intousity of uarrent, 
provided they are freshly filled, Robiu'a statement tliat a 
current of forty-five niilliampercs is requisite must be based 
npon a very limited external resistanee. It is well to use a 
battery of greater power than in actually required, ao that 
freah cells can be added, without breaking the current dur- 
ing the operation, when deemed necessary. Personally, I 
prefer insulated copper wire for rhoophores when perform- 
ing electrolysis, in preference to the tinsel cords commonly 
employed for electric applications. They are less flexible 
than the tinsel cords, but they are vastly superior ti> tliein us 
coDdactors. 




Electrolysis has been employed for the following pur- 
poses, with more or less success : 

1. The co^iulation of blood in aneurysmal sacs. 

2. The relief of nievi and erectile timiors. 

3. The cure of cystic tumors, 

4. The cure of goitre. 

5. The cure of echinococei. 

8. The cure of ovarian cysts, and thuse of the broad 
ligament. 

7. The cure of urethral stricture. 

8. The cure of malignant and fibroid growths. 

9. The cnrc of hydrocele, 
■iction (if IKl' fu'tns in extra- uterine preg- 
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11. The removal of cicatrices, polypi, and other 
formations. 

Respectiug tbe treatmeDt of large aneury aroal eacs by 
this method, statistics show thut tlie operation inerita more 
general recognition, as a means of poasiLle cure of intra- 
thoracic and abjoniinal nneuryams which can not be safely 
treated by ligation, than it has received. Nine cures out of 
thirty-seven cases have been collected by Duncan from vnri- 
ous sources; and Bartholovv has since collected otheranhich 
have been benefited by it, although not positively cured. 
In none of these cases, so far as 1 can ascertoun, was the cur- 
rentrstrength measnred by a galvanometer. There is reason 
to hope that the operation may become more generally era- 
ployed when the steps of the procedure necessary to its buc- 
ceBs are determined with greater exactness. There seems 
to be a doubt, as yet, rej^arding the best method both of 
generating and directing the current, so as to provont sup- 
puration and secondary hremorrhage. In two cases of blood- 
sacs upon the face, intrusted to my care, I have succeeded 
in consolidating the tumor and effecting its radical cure by 
this raeans without suppuration or other complications. I 
employed the positive rheophore for the needles, and placed 
the cathode at the nape of the neck in both cases. The 
duration of the two sittings in each case was about 
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Via. ai.— An Elxctboue fob Klkctbox-tsih. The needles tie flr 
meraiiB, and are uraDged n shown In (i). This us an exceUent 
effecting (lie cnre of dlffuiied oavl, smsll glandnlar tuinon, etc 



minutes, and twenty-four Grenet cells were employed, I be- 
lieve that the anode produces the firmest clot ; hence the 
danger of heemorrhage on the withdrawal of the needles ia 
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less than when the cathode is employed. The risk of em- 
bolism, as a result of disintegration of the clot, does not 
seem to be so great as one might at lirst imagine. 

The employment of electrolysis in cystic tumors of the 
neck, the ovaries, and the thyroid gland, has been resorted 
to by many experimenters of note. Among tlcae may be 
mentioned Aithaus, Amussat, Ultzmann, Clemens, Seme- 
leder, and otiiers. Some of the eases reported seem to point 
toward this method of treatment of these diseased conditions 
as potent and oomparatively devoid of danger if properly 
carried out. 

The treatment of urethral slrieture by electrolysis I have 
always heretofore combated — chiefly because I think it less 
safe and far less certain than ftradual dilatation. I must con- 
fess, however, that I have had no personal experience in the 
electrical treatment of stricture ; and that my prejudices 
may be more or less without foundation. My perusal of 
the reported cures hy this method has not, as yet, carried to 
my mind a conviction of ray error. The method seems to 
me to lack precision, which should, to my mind, form the 
basis of all surgical procedures within that canal. I am 
having made for me some modifications of urethral elec- 
trodes which I believe will insure greater precision than 
any yet devised ; and I propose to give them a thorough 
trial. 

Ordinary eaiea of goitre, and the enlargement of the 
thyroid gland tehieh aecompanie» Basedow's disease, have 
been cured by electrolysis. Rockwell and Butler have re- 
ported some astonishing results in the treatment of exoph- 
thalmic goitre by galvanism of the thyroid gland. Rock- 
well places the cathode over that body and the anode over 
the solar plexus, combined with the employment of the 
anode in the auriculo-maxillary fossa and the cathode over 
the cilio-spinal center (cervical segments of the spinal cord) 



at each sitting. His casee of reported cure required ftoni 
fifty to aiity-nioe aittings. Needles were oceaBionally em- 
ployed upon the gohre. This treatment was Bupplcincnted 
by the use of iron, zinc, digitaliB, and ergot ; and a restricted 
diet, with inBtrnctions regarding the nenesBity of the repres- 
Bion of the emotions and passions, was enforced. 

The arrest of exlra-uterine pregnancy by electrolysis, and 
also by shocks transmitted throngh the sac (rom Leyden 
jars charged with static electricity, constitutes, perhaps, one 
of the most successful and remarkable contributions to 
medicine. Tbe former method has proved the most re- 
liable. Needles are inserted into tbe sac and a current 
is sent through tbe fcetus of sufficient intensity to destroy 
life. 

The (rea/men( of cancer by electrolysis has been followed 
by satisfactory results in some cases, according to the ob- 
servatious of Beard, Butler, Muasey, and Neft«l, The ques- 
tion of accurate diagnosis of the cases reported as cured 
must still he considered as unsettled. The results appar- 
ently obtained should certainly awaken the profession to a 
trial of this method of treatment of a malady which inter- 
nal medication, caustics, and the knife seem powerless to 
combat, 

Bartholow reports a cure of four out of six cases of 
fibroid tumors of the breast by electrolysis. The remaining 
two patients failed to continue treatment for a sufficient 
length of time. He did not employ needles in any of these 



The relief of hydrocele by the introduction of two nee- 
dles connected with the rheopbores of a galvanic battery and 
brought within a balf-inch of each other at their points has 
been reported by Rodolfi, Frank, Bartholow, and others. 
Some of the cases reported as cured required only one 
application. 
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In disniissing tliis subject it may be well to summarize 
the effects of electrolysis, as follows : 

1. A feeble current tends to cause dilatation of the 
capillarieB and the lymphatic vessels, and thus to aid in 
absorption. 

2. A stronger current decomposes the salts ancl the 
water of tissues, and coagulates the albuminoid elements. 

3. A disintegration of the tissues immediately adjacent 
to the pole which produces the effects previously described 
takes place, with an escape of bubbles of gas, when the de- 
composition of tissues is active. 

4. As an eschar may be formed by a current of 
great intensity, it is maintained by some authors that 
the cicatrix which results from such a slongh is soft 
and pliable if the eschar has been made by the anode, 
and dense, with a tendency to contract, when due to 

am unable to confirm or deny this 



cathodal action. I 
statement. 

5. The danger : 
much " rather than 1 
repaired; the latter 

6. When an eacharotic 
have the needles madi 



electrolysis is that of " doing too 
little. The former error can not be 
1 by repeated sittings. 

; is desired, it is well to 
The decomposition of the 



chloride salts forms indirectly the chloride 
cause the liberated chlorine attacks the needle. This is ab- 
sorbed by the tissues adjacent to the needle, and an escha- 
rotic effect is thus produced. In the treatment of malignant 
growths such needles, with currents of weak intensity, and 
long sittings, seem particularly weU adapted. This method 
is almost painless, and has produced excellent results jn 
Bome cases reported. 

7. The introduction of needles into the tissues is not an 
absolute necessity when treatment by electrolysis is indi- 
cated. The same effects to a lesser degree may be obtuned 
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by jilaciiig l.lie dectrodea in contact with cutaneous o 
C008 HUrfaees. 

8. The om[>loyn:ient of iron needles has been sugprestud 
for the rapid coagulation of blood, on account of the styp- 
tic effect of the chloride of iron which tends to form by 
tbe liberation of chlorine from the chlorides of sodium, po- 
tassium, and calcium. 

The Galvano-Cautbrt, — When a large quantity of elec- 
tricity is forced through the resistance offered to its passage 
by a platinum wire or a strip of platinum (usually bent into 
the form of a knife), the heat produced causes the platinum 
to rapidly approach redness or whiteness. Such an arrange- 
ment is known as a " cautery-loop " or a " cautery-knife." 
The battery which is employed to generate electricity in 
suflicient quantity to accomplish such a result is known as 
a " cautery -battery." In cautery-batteries the plates are 
largo and near together ; hence unusual precautions have to 
be taken to prevent "polarization," which takes place very 
rapidly on account of decomposition of the fluid in which 
the elements are immersed. 

Of all the devices which Lave been suggested to over- 
come this difficulty, I prefer that of Dr. Piffard, In the 
battery devised by him the zinc plates are perforated, so 
that the fluid can be forced through them upon the plati- 
nnm plates by means of a rocking motion when the battery 
is in action. The assistant who operates the battery can 
produce any degree of lieat required by making the plates 
move slowly or rapidly through the fluid. Tlie key-hoard 
of the battery is so connected by means of large thumb- 
screws that the elements can be connected for either quan- 
tity or intensity, as the operator may desire. The rheo- 
phores are composed of large copper wire, heavily insulated 
with rubber, 

I have made several improvements upon the original 
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Piffard battery of late, whiuli, iii my opiuioii 
the ease of working the iiistniinoiit. They a 
fully perfected. 




Fig. «,— PiiTARD'a CjlUTBllT BiTTBRT. (01 The ballcry tts Buapfiadud when 
not In BcUon. (A) Airangement of the lop ot this bBncr;. nhon-lng Ihe Knwe 
which retfulstt the tonnwtions helwetin the dltferent cflli. The hslMry !■ 
rocked dnrliiK iU soUon to prevent extreme pdIuIzbUdil By m&king Ihe 
movBmetit Blow a npld, the heat ot the loop or kutfe nu; he regultled at 
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It lUjLV be aJvisiible to again imprt'ss upon you the I 
that batteries designed for ordinary medical purposes 
totally unfit for heating a cautery-loop or producing 
electric light. A battery designed for cautery purposes 
also totally unfit for other purpusus in medicine. 

In operations upon the tongue, nose, pharynx. 
vagina, rectum, and in some other regions, the gaivs 
tery seems destined to supersede the scalpel and ei 
No blood need bo lost in amputations of considerable 
tude, provided the operation is skillfully perfonned. 
loop is employed, it is slipped when cold over the 
be removed. It can be adjusted, therefore, with every pi 
caution against accident. After the cnrrent is turned 
the heat of the wire even can he regulated with great 
cision. Care should be exercised against drawing the 
too closely to the handle, and in selecting a wire which 
not bum off or prove too large for the battery enaployed. 
As in all surgical procedures, this instrument should be 
handled by an expert. It is well for a novice to practice 
upon pieces of meat or bone until he familiarizes himself 
with the details of its use, in case he meditates performing 
an operation upon a human subject. When operatioi 
to be performed within the mucous cavities of the body, 
the patient has frequently to be trained to tolerate the ne^ 
cessary manipulation. A dull red heat is preferable to 
white heat in dividing vascular tissues, and it is very im- 
portant that the division be slowly performed. When the 
skin is to be embraced within the loop, it is well to divide 
it first with a cautery-knife, and subsequently to adjust the 

The cautery-knife has been successfully used in remov- 
ing cancerous growths within mucous cavities, in tubal 
pregnancy, in tracheotomy, in evtiqiation of the breast, and 
many other similar procedures. 
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An attaciiiiiciit to the cautery-battery, known as Iho 
" dome cautery," conaista of a coil of platinum wire over h 
cone of porcelain. Tho^e may be of any size, and the por- 
celain cone miiy be omitted if deemed necessary. It may 
be employed in destroying hypertropliied tonsils, bssmor- 
rhoids, polypi, nievi, epithelioma, etc. 

The great advantaRe which the galvano-caiitery has over 
the use of the knife is the absence of hsemorrhage and of 
great pain. The platinum knife can be made of any form 
desired. There is do limit to special forms of attachments 
which maybe devised to simplify its use indifferent regions 
of the body. 

In operating npou the tongue, needles may be passed 
through the organ in front of the site selected for the loop, 
BO as to prevent slipping oF tile wire. Bryant, who has had 
an extensive experience in this operation, recommends a 
twisted wire rather than a lai^e one. There is some reason 
to believe that the heat tends, moreover, to destroy (in the 
case of cancerous growths) the germs of the disease which 
might elude the knife. 

Obnbral Rules oovbrkino Elbotko-Thbrapeuticb. 
Before we pass to the consideration of special methods 
of employing electricity in the treatment of disease, it seems 
to me advisable to suggest a few rules which may possibly 
aid you in deciding where and how to direct your treat- 
ment in any special case. Tliere are, of course, some excep- 
tions to each of these rules ; but they are, nevertheless, sutB- 
ciently aucuratc to be used as guides in your practice : 

1. Soak your electrodes in a weak solution of table-salt, 
not in simple water. This diminishes the resistance afford- 
ed by the stin at least fifty per cent 

2. Always press your electrode firmly and evenly 
against the part which it toacbcB, This renders the cur- 




rent employed a 
oonduction. 

3. Pat a milliainp^ro-meter or a gAlvaaometcr, as woll 
as the body of your patient, into circuit, »nd record all yoor 
observations, respecting the current-Btrcngth employed, from 
ita scale. It is neither scientific nor accurate to simply re- 
cord the number of cells employed. OoIIb grow weak by 
long.«ontinued usf, by polarization, and other causes. In 
case a faradftic instrument ia employed, a galvanometer is 
useless; hence you should record the number either of cen- 
timetres or inches of the primary or secondary coil em- 
ployed. 

4. Always endeavor to Apply one of the poles to the 
part which is diseased. The plates which I show you indi- 
cate the situation of the " motor points " of the head, trunk, 
and extremities. Such plates will enable yon to direct your 
treatment to any special nerve or muscle. 

6. Acquire, by frequent experimentation upon yourself, 
a knowledge of the effects of different current-strengths, the 
situation of most of the more important nerve-trunks, the 
formnlee of contraction of healthy nerve and muscle, and all 
other information necessary to the use of electricity in 
medicine. 

6. Never use too strong a current upon a patient at the 
first sitting. It may frighten him, and he may never re- 
turn. It is always best to begin with weak currents ; 
the majority of cases weak currents are indicatod lath 
than strong ones, 

7. If you have no galvanometer, the intensity of a g 
vanic current can bo approximately determined by the bnq 
ing sensation produced in the skin by the electrodes whj 
they are applied to it. 

8. The "polar method" is more painful wken the tat 
dale current is employed than when the gitlvanic currentil 
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used. It is not well to separate the poles of a. faradaic ma- 
chine too widely ; pain is intensified, and no special benefit 
is gained bj' so doing. Rctnember that the faradaic cur- 
rent has no fixed polarity. A galvanonieter will record the 
difference between the current produced by the "make" 
and " break " of the circuit only ; hence it ia of no value in 
determining the intensity of the faradaic current actually 
administered to a patient. 

9. The "polar method" ib absolutely recjuiaite to elec- 
tro-diagnosis when tile galvanic reactions of nerve nr mus- 
cle are being tested. It constitutes the best method also of 
administering the galvanic current for therapeutical pur- 
poses, because it is usually important that the anode or 
cathode exert its special iufiuence upon the part diseased. 
The farther apart you place the poles, the less is the effect 
of the indifferent or nentral pole upon the part which yon 
wish chiefly to inflaence. 

Although clinical experience seems to prove that we ob- 
tain different results in the majority of cases by employing 
the anode or cathode upon the part to be influenced, I am 
inclined to cjuestion the correctness of the view that those 
effects are in any way dependent upon the direction of the 
transmitted current. We know that it is not possible to 
transmit an electric current in any one direction by means 
of animal tissues. Every current becomes diffused to a 
greater or less extent, as is illustrated in diagrams prepared 
by Erb and other authors upon electro-therapeutics. It is 
probably more correct to view the special etfects obtained 
by employing the positive and negative poles of a galvanic 
battery as the effects of the poles themselves, rather than 
the result of the direction of the current. 

10. Bomember that the anode or positive pole of a gal- 
vanic battery is the sedative polo, and the cathode or nega- 

pole is the stimulating or irritating pole. When the 
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calhixle is mmle the indifferent pole, 
large electrode. 

11. Do not change the polsritj of a current daring U 
appliuatioD to a patient aov oftcncr than circumstances d 
Tiiand. As a rule, it ia unnecessary to do so at all, 
causes unnecessary irritation, which should always be avoid- 
ed. In the treatment of neuralgia, diseased conditions of 
the hrain or spinal cord, and painful points, it should r« 
be done without some special reason. It is positively c 
tra-indJcated when catalytic effects are desired. 

13. When galvanic currents to the head are indicatoi 
(especially if the current is to be sent through the bra 
employ only those of moderate intensity (save in exi 
ttonal cases), and do not reverse the current unless thei 
good reason for so doing. When you read about thirty^ 
cell currents being sent through the brain, it is safe to Bi 
pose tiiat the battery waa not nf the most active kind, < 
that the ability of the patient to endure such a current 9 
very exceptional. It is rare to meet with a patient who ci 
tolerate a current of more than from three to sis miUiam^J 
peres through the brain, and it is not safe to break currents i| 
of high intensity when employed about the h 

13. Static electricity will sometimes produce muscular J 
contractions when faradaic currents will not. In hysteric^ J 
conditions, some of the spasmodic diseases, sciatica, i 
organic spinal affections, it is well to try this form of elec- J 
tricily when galvanism fails to afford relief. 

14. Respecting the duration of individual applicatioiiaJ 
of electricity in its various forma, my experience teachesM 
me that short sittings accomplish as much, and often a 
than long ones. I seldom exceed five or six minutes, unlea 
I am endeavoring to induce catalytic action, to 1 
elironic articular rheumatism, etc. ; or when I am ei 
ing general faradization, general galvanization, central | 
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vanizatioi), electrolysis, the galvano-cautery, or other pro- 
cedures which require a longer Bitting. Frequently, thirty 
seconds to two miiiutes is all that is required when Bome 
particular part of the body is alone to be galvanized or fara- 

15. It is impossible to lay down any rule which will 
guide yon in determining the frequency of the applications 
required by any individual case. It is seldom necessary to 
employ this agent oftener than every day, and three sittings 
a week will suffice in the majority of cases. If the dis- 
ease is of a chronic type, it is often advisable to occasion- 
ally discontinue treatment for a few weeks, and then to re- 
new it with vigor. Experience has taught me that the 
effects of electricity are more vigorous after such intermis- 
sions. It is often well to change from, galvanic to ffiradaic, 
and again to static currents, from time to time, in the treat- 
ment of obstinate diseases which fail to progress satisfac- 

16. I would advise yon to be persistent in employing 
this agent when your judgment tells you that it is advisable 
to begin it. Many of the chronic forms of cerebral and 
spinal diseases are materially benefited and often completely 
cured by a proper course of electrical treatment which has 
been followed, with occasional intermissions, for some 
months during each year for several years. 

17. As adjuncts to a course of electrical treatment, you 
will find massage, hatha of various kinds, a change of cli- 
mate, enforced rest in bed, and judicious internal medi- 
cation, indicated in special cases. Delicate subjects, who 
suffer from neurasthenia, hysteria, persistent neuralgias, 
mental depression, sleeplessness, morbid fears, excessive 
" nervousness," rapid or extreme emaciation, profuse and 
persistent sweating of the palms or feet, dyspeptic symp- 
toms, and the thousand other manifestations of debility, 
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are especially bcuetiLeil by tliese adjuncts to a juilkuous 
of electricity. 

18. When simple OKcitation of motor or sensory nerves 
18 demanded, the faraduc or static current is the best one 
to employ. 

19. As a counter-irrittkDt, and in the treatment of linKs- 
tiieaia, dry faradizHtion with a wire brush excels all other 
electrical applications, unless it be the use of static elec- 
tricity, 

20. Id spasmodic diseases, in neuralgia, and other like 
conditions, galvanism and static electricity are alone of ma- 
terial service. 

21. Interrnpted galvanic currents are of service when 
muscular contractions of a forcible character are desired. 
When degeneration of a nerve exists, these can not be pro- 
duced by the faradaic current. 

aa. The size of the electrodes modifies the density of 
the current directly. When large, the current is less dense 
because it is more difFiised. The cathode should, as a. rule, 
ho larger than the anode when electrical applications are 
ing made. 
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SPECIAL ELECTRO-THERAPEUTICS. 

We have thus far discussed the various methods of 
ploying electricity in a general way, and thei 
us to consider how we shall proceed in employing 
agent when special organs are diseased, I would preface 
my remarks upon this field with the statement that the 
curative properties of electricity must, of necessity, be modi- 
fied by the pathological conditions which exist in each indi- 
vidual case. The prognosis is naturally more grave in 
conditions than in others. 

For example, a patient who has motor paralysi* 
is due to degenerative chongi 
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horns of the spinal gray matter will not usually recover the 
power of motion completely, while he may do ao if the pa- 
ralysis be due to a cerebral or spinal lesion which is not 
accorapanlod by degenerative nerve-changes. Again, all 
forms of functional nervous derangements are more amena- 
ble to electrical treatment (if judiciously employed) than are ' 
the graver resnits of organic disease of the nerve-centers. 
A muscle which has atrophied from dianse can usually be 
restored, while one which has wasted from imperfect nntri- 
tion (resulting from a degenerated nerve) may withstand aU 
efforts to improve it. The therapeutical use of electricity 
is subject to the same influences as that of any other reme- 
dial agent, and the prognostic conditions are not always the 
same even among cases of the same nature. 

In previous lectures I have given yon many hints relat- 
ing to the differential diagnosis which you will be called 
upon to make in nervous diseases, and enough has been said 
in reference to the anatomy and physiology of the nervous 
system to assist you in properly interpreting abnormal ner- 
vous phenomena. I shall therefore give you, in closing, 
directions only as to how to employ electric currents upon 
different parts of the body, without entering to any extent 
into the causation of the symptoms which you will be called 
upon to treat. Remember, however, that accuracy of diag- 
nosis is the basis of cure in a large proportion of the ciisea 
which you will meet. 
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Experiment has shown beyond dispute that galvanic 
currents can be made to pass through the substance of the 
brain when inclosed within the skull. It is much less cer- 
tain whether the same may be said of faradaic or static 
nurrents. The .beneficial results which are obtained by the 
wssibly many of the effects of gaivaaisra 
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a» well) upon cerebral diseases ara to be Htt.ribnted, ii 
opinion, cMefly to tlie alterations produced in the blood-J 
supply of the brain. Some of the most remarkable resnl^'fl 
obtained by neurologists from the employment of electricity- J 
upon tbe head itself or the cervical ganglia of the sytnpftrfl 
thetic are nu questionably due to an alteration produced inifl 
the caliber of the cerebral vessels. I have never beo 
vinced that orgvnic lesions of the brain can be cared by theJ 
direct use of this agent on that organ. On tbe other hand,! 
I am fully aatisfled that the symptoms of cerebral hyper 
mia and ameinia are directly influenced by galvanism andil 
static electricity. I believe that any unprejudiced mindl 
can be readily convinced of the scientific accuracy of thuv 
conclusion. I have treated many patients (who gave imdis- 
putable evidences of basilar hyperemia by the deflections J 
of the needle of a ealorimeter), and have brought them tol 
a state of perfect health within a space of a few weeks by, I 
galvanism of the head. The calorimeter confirmed the cure % 
in tliese ca^es by the ab^uce of deflection which eKisted J 
before treatment was commenced. In some instances of I 
this condition static electricity proves a very valuable ad- ' 
junct to galvanism. I will give you in detail a few of tbe 
methods which, in my experience, may be employed in 
cerebral diseases with a prospect of great benefit to your J 
patient. 

Cbrkeral Htper^euia. — First ascertain by means o 
calorimeter tbe situation and extent of the congestion. \ 
Test all parts of the head. When necessary, do so by sep^ ' 
rating the hair and bringing the poles as closely as poa- J 
sible in contact with the scalp. It is not necessary, as ft I 
mle, to shave the head. In case very accurate observations,! 
are demanded, this step may have to be taken — as, for ex^-l 
ample, when a cerebral tumor is suspected to exist. 

At the nape of the neck, over the mastoid proceweSjJ 
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upon the temples, and over the forehead, no hair exists to 
interfere with the determination of the relative temperature 
of the two aides, or of different regions of the correspond- 
ing side. The calorimeter will aid yon in di^nosia and 
treatment; if properly used, it is invalnahle. 

Tlie following are the stepa in treatment most generally 
useful : 

(1) Apply the cathode to the nape of the neck, close to 
the stull, and the anode over the forehead. Make stabile 
applications for one or two minutes to each aids of tiie fore- 
head, the cathode remaining stabile. (2) Make labile an o- 
dal applicationa to the forehead transversely for one niinnte. 
(3) Move the cathode to the mastoid region of each aide, " 
place the anode centrally on the forehead, and continue 
each atabile application for from thirty seconds to one 
minute. This may make the patient dizzy. (4) Do not 
use a current which produces pain to the patient, but have 
as great intensity as he can comfortably bear. (5) Never 
reverse the current when the poles are on the head. 

These application!! may daily be alternated with ■' insula- 
tion " and the " electric head fittiA," if you possess a static 
The sittings should occur daily until the synip- 
cured, and the calorimeter ceases to show its pre- 
lection. 

sometimes well to stimulate Ike superior cervical 
by placing a small anode in the fossa behind the 
,nglc of the jaw, and the cathode on the seventh cervical 
spine, and to slowly interrupt the carrent. Caution iDuat 
be exercised against employing too strong currents. 

Finally, active faradization of the limbs is sometimes 
necessary, in order to draw the blood to the limbs. It is 
not well to employ this step if it causes an elevation of tem- 

The effects of this treatment should be to relieve 
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piiin or sense of fiilliieaa in tbe head, tlie vcrligo on risi 
llje mctititi confiisiuK or distrexn, tlie inAiMiniia, and 
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man}' otUer symptoms peculiar to this condilioo; and to 
steadily rcduuo the calorimeter deflections when the poles 
are in contact with honiologoiw parts, 

Ckkbbbal An.omia. — I should advise you to begin the 
use of very weak galvanic currents after an attack of embo- 
lism. I believe that p.urrents of this kind sent tranaversely 
throogh the head from the temples, and oucasionally iu the 
an tero -median plane, assist in absorbing the collateral cedo- 
ma and cause a diminution of tlie collateral hypersomia. I 
prefer to use tiie cathode on the side of the embolic obstruc- 
tion when transverse currents are employed. In my opin- 
ion, it tends to promote absorption and to contract the ves- 
sels far more than the anode. The paralyzed muscles should 
be treated separately, by methods given in detail later. 

Some four years ago LOwenfeld published some dednc- 
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tious relativG to the action of galvanic currentti upon the i 
hrain, baaed upon experimental researches. Although Iheir 
accuracy has been justly called in quertion by authors of 
a t my nn p nee leads lue to confirm them in part 
and t attach som iportance to them, Theae conclusionB 
w e as f II n (f) Anode at forehead and cathode at 
n k a tat ona of the vessels of the pia ; (2) anode 

at n k and ath d at forehead causes dilatation of the i 

I f th pa (3) when transverse currents are < 
pi d th th d causes contraction of adjacent vessels, 
a d th an d d I t tion. 

When cerebral aniemia of a general okaraeter exists (ai 
a manifestation of poverty of the blood, defective heart- i 
power, etc.), general faradization, central galvanization, and 
static electricity by insulation are often of material benefit. 
The removal of the cause by judicious medication, etc., ia, | 
of course, vital to succesaful electrical treatment. 

Hehiplboia of Cbrebbal Orioib. — A very large pro- 
portion of patients with hemiplegia from cerebral causes owe i 




UXiD (sTti^ Erb). Tlu 



the pnralysis of their limbs to hiemorrhage, softening, or I 
embolism. The electrieal treatment should be directed to i 



116 

both the brain tiud the muscles. It should not be com^ 
inenced {save in the case of embolism) imtil h mouth hai 
elapsed since the attaet. Each patient's susceptibility b 
the ugent should be carefully studied ; and the strength o 
current employed should be modified accordingly, 
rausclea may be treated by faradization or galcaniKstion, i 
by the stntic current (indirect sparks being drawn from itl 
paralyzed limbs). The brain should be subjected to f 
vauiKation only, or to static insulation. 

If the patient fails to show improvement within a moatH 
after the treatment has been daily applied, or if the i 
provement of the first few days ia rapidly lost in spite <l 
continued treatment, the prognosis, as regards marked a 
lioration of the paralysis by electrical applications, is graves 

ffemianmstkesia is best treated by the wire-brush upon 
the dry skin in connection with the secondary faradaic car- 
rent. I have also obtained some remarkable effects with 
the combined current (as before stated), and also with the 
static current, in cases where the faradaic current was in- 
effective. 

Post-paralytic rigidity (occurring late) is the result, in 
most cases, of secondary changes within the spinal cord. 
The supervention also of pigmentation of the nails, oedema, 
a shiny skin, disease of the joints, and other evidences of 
trophic alterations, points to a serious and often perma- 
nent destruction of the nerve-centers. 

Hints which have been given under the head of general 
electro-therapeutic a will guide you in modifying the treat- 
ment according to the exigencies of each individual case. 
The remarkable improvement which some hemiplegics ob- 
tain through the instrumentality of electrical treatment 
should impress you with the necessity of employing it long 
enough to ascertain whether its continued use is indicated^ 

MoNopLBGiA. OR M0KOSFA.S11, — These conditions ^ 
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particularly indicative of cortical disease. The miiaclea 
affected are a guide to the convolution attacked. I have 
covered this fiold in previous lectureB.* The indication in 
Buch a case ia to improve, if possible, the nutrition of the 
diseased part directly by galvanism, and also to stimulate 
the muscles functionally associated with it. I employ for 
this purpose a " medium " electrode over the diseased con- 
volution, the indifferent electrode being placed over the 
center of the sternum. It is my custom to employ both 
poles to the head for an interval of two minates each at a 
sitting. Tlie monoplegic hmb may be treated by labile gal- 
vanic applications, the wire-brush and faradization, or the in- 
direct spark by means of a static machine. 

Duohesne's Disease. — The morbid cbangi's in the nu- 
clei of the medulla which accompany bulbar paralysis may, 
in some cases, be held in check for a while and the symp- 
toms markedly improved by placing the positive electrode 
{of large size) at the nape of the neck and as close as pos- 
sible to the foramen inagnuiu, and applying the negative 
electrode {covered with absorbent cotton and attached to a 
long handle) successively to the pharynx, fauces, tongue, 
cheeks, and lips. As strong a current as the patient can 
easily endure should bo used. The duration of the sitting 
should not exceed five minutes. It is well to complete the 
sitting by passing transverse currents tlirongh the neck, ao 
as to excite the muscles concerned in deglutition. Some 
authors recommend the employment of currents through 
the head, both longitudinally and transversely. 



There are various ways of bringing the spinal cord un- 
der the influence of electrical currents. The method of 

• See " Med. nptord," May mid Jiiiie, 1884. 
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application selected in any individual case will di 
Bomewbat upon the symptoma which the patient pre 
and also upon the character and seat of the lesion, 
diagrammatic cuts of Erh, which illustrate the diSusiuu o 
electrical currents, show in a graphic way the effects o 
close approximation and wide separation of the p 
may also modify noiue of the morbid conditions of that] 
spinal cord by el ectri station of the extremities when the ii 
different pole is placed over the spinous processes, 
well to increase the size of the electrodes proportionately t( 
the strength of the current employed. 




D (after Eib). In a tlie poll's are pUced near 
ilos are mnre widely Beparated. The size at tho 
ut 1b the BBme tor both the anode aad cothdde. 



Fig. 43 illnstratea the effect of separation of the poi« 
when applications of electricity are made to the spin^ o 
limn. Some of the threads of current depicted are i 




iDdicBte the iiii!lfi!cCiva Ihrei 
Ihe zone of grtsttrt iHtuiisit; 



To treat properly of the various methods which may be 
used when the application of electrical ciirrentB as a thera- 
peatical measure for the relief of apical diseases seems in- 
dicated, it would be ueceasary for me to enter into greater 
detail regarding spinal diseases than the time allotted to 
these lectures will permit of. I am reluctantly forced, 
therefore, to Hummarize somewhat hustily the main points 
which my experience with this ageut leads me to indorse. 
Most of you are probably already familiar with the patho- 
logical changes which exist in connection with the more 
common diseases of the cord ; but, if any of you are not so. 



they should first be Btudied and thoroughly 
you can hope to suoceasfullj combat them. 

Galvanic currents are of greater service in the treatment 
of spinal disedses than faradaic or static — chiefly on account 
of the depth of the tissues affected and the chemical 
molecular changes which galvanic currents tend to indui 

Spinal electrodes shonld be of large size. 

The applications may he either stahilc or labile, 
former being of the greatest benefit when the spinal lesion 
is circumscribed in extent, and the latter when a larger part 
of the spinal cord ia affected. If labile applications are 
indicated, the movements of the electrodes sLodd be made 
Momewhat slowly. 

In directing galvanic currents to the cervical and upper 
dorsal segments of the ford, it is well to place one electrode 
of niedium size behind and below the car aiternstoly on the 
two sides of the neck, while tlie other ia applied to the 
spine. 

Points of teriderness to 'pressure along the spine should 
be subjected to stabile applications of the anode. They 
should be sought for in each individual case with care and 
separately galvanized. 

The strength of the currents employed should he modi- 
fied in individuals by the condition which is presented for 
treatment. Weak currents of from two to five mi 
act beat, as a rule, when excessive irritability of the organ 
exists ; chronic pathological conditioos respond better 
currents of greater intensity. I often nse eight to twt 
milliamperes of current in chronic cases. 

It is advantageous, in some subjects, to make eleclrieal 
applications to the limbs when the cord ia affected. Stimu- 
lation of the peripheral nerves and the muscles connected 
with the segments of the cord involved should be particu- 
larly aimed at, although the electrization of the skeletal 
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muBcIeB and the stin bLouIiI not be exclusively confined to 
the liniitA thus iudicated. U is my custom to employ the 
•'combined current" (previously described) when applica- 
tioDS to the limbs are thus made. This form of current is 
particularly indicated when the muscles exhibit a tendency 
toward atrophy. The electrode which rests upon cervical 
or lumbar enlargements of tbe spine should be of large 
size, while that used upon the lirabs should be of medium 
size, so as to direct the combined currents to the nerves or 
muscles affected. 

If galoaninn alone is used upon the limbs in spinal dis- 
ease, it is often beneficial to the patient to break the current 
by an interrupting electrode, or to reverse its direction by 
means of the commutator. 

Some authorities advocate faradisation of the vertebral 
region and of the limbs in conjunction with galvanic applica- 
tions. I have seen in a few instances some remarkable 
effects follow the employment of the wire-brush alone in 
pulio-myelitis of children, and I can see no reason to doubt 
Ita occasional efficacy in other forms of spinal disease. 

In some unexplained way the excitation of muscular 
action and stimulation of the cutaneous nerves exert in 
many instances a remedial effect npon lesions of the spinal 

It is not always possible (as, for example, in polio-mye- 
titis) to cKcita muscular action by faradism alone. In these 
cases interrupted galvanic currents, or the " combined cur- 
rent" (galvano-faradaic), will accomplish the desired end, 
I have repeatedly observed beneficial effects of this treat- 
ment in locomotor ataxia, and Uumpf has published some 
cases which sustain this view in which the wire-brush was 
used upon the arms and legs daily for about five minutes. 

In all acute infiammatory disorders of the cord I depre- 
cate the use of electrical applications. When the acute 
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stage has passed, or wlion tliti disease Las assumed a 
type, man; of the effects of the disease (as 
muscular paralysis, rectal or vesical complication a, iucipiei 
caries, anieathesia, etc.) may often be greatly relieved by its 
judicious use. The current-strength employed in such casea 
nauaJly vsriea from five to eight milliampereH, The appli- 
cations should be made daily. When possible, it is impor- 
tant that you localize early the seat of the struotural lesion 
and concentrate the treatment, for a while at least, up< 
the segments of the cord involved. The muscles, 
bladder, rectum, etc., should he separately subjected to i 
influence of electricity in case they eshibit a loss of {aai 

ELKOTRICITY IN PARALTSIB OE PARB81S. 

Hypokinesis may be due to many different conditiont 
hence ita electrical treatment and prognosis must vary jj 
accordance with the cause which excites it. You Bhooti 
remember that paralysis of a muscle is only symptomatic of 
other conditions, such as lead -poisoning, diphtheria, hyste- 
ria, mechanical pressure upon a motor nerve, severance of a 
motor nerve, destructive processes or inflammation witblji 
the motor cells of the brain or apinsi cord, and c 
the vessels. All of these tend to impair either the geners 
ing power of a motor center, or the conducting power of . J 
motor fiber, 

Reapecting the application of electrieity to the » 
central lesions (i. e., leaiona of the brain or spinal cord) j 
cases of motor paralysis, De Watteviilo pertinently remnn 
as follows: 

" It ' t ue that we have too often but a very impetfeo 
d a f i p ses in the nerve-centers upon which the 
ymp m d p nd and that we have no right to assume 
ha h n his any specific curative influence upon 

a ) 1 till, us a justification for central treat- 



ment in such cases, we may plead our very ignorance, we 
may urge the poverty of our therapeutical arsenal in arraa 
wherewith to combat our enemy, and may alao invoke the 
possibility of at least staying its progress by promoting nu- 
trition of the surrounding portions of the nen-ous structures 
threatened by its invasion." 

When the lesion directly affects the conductivity of a 
nerve, we have reason to believe that the direct influence 
of electrical currents upon the lesion tends to overcome 
the resistance offered to conduction by the disease-process, 
and facilitates the subsequent transmission of voluntary 
stimuli. 

There are certain general rules that are applicable to the 
electrical treatment of paralysis of motility. These may 
be stated as follows : 

1. The treatment should not be alone confined to the 
region of the paralyzed muscles. 

2. The seat of the exciting lesion should be ascertained 
early, if possible, and subjected to the influence of this 
therapeutical agent in an intelligent way. 

3. If the motor paralysis is accompanied by auEestheaia, 
hyperucstbesia, or other sensory disturbances, or if the vaso- 
motor system of nerves be apparently implicated, the wire- 
brush may often be used with advantage upon the skin in the 
vicinity of the lesion, and also over the muscles paralyzed. 

i, Faradaic currents (provided they excite muscular 
action), or the cathode-pole of a galvanic battery (with in- 
terruptions of the current), are of use in exciting the con- 
ductivity of the nerve-tracts affected. Static electricity is 
also of great utility in inducing muscular contractions, and 
is less painful than faradism or galvanism, 

6. The " combined current " (gal vano -faradaic) is chiefly 
of service in overcoming trophic disturbances, which often 
manifest themselves in connection with motor paralysis. 
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6. I prefer labile applicBtions to stabile in applyim 
either faradiBm or galvanism t» the muscles. Stabile appfi< 
cations are preferable to labile when the brain, apinal c( 

or peripheral nerre-tmnks are to be influenced. 

7. Never begiri the use of electricity immediately a 
the onset of paralyais (when due to a central losion). 

ie always best to wait until all danger of exciting a recar^ 
rence of the attack by stiuiulatiou of the nerve-centers h 



HiPERKiMGStB is frequently encountered as one of the va- 
ried forms of external manifestation of irritative and deetruc- 
tivo lesions of the central nervous system. For example, it is 
by DO means uncommon to observe convulsions (of the clonic 
or tonic type), tremor, muscular rigidity and contracture, etc., 
in connection with morbid changes in the brnin and spinal cord. 
By these symptoms we are ofteu assisted in determining the 
seat of the lesion, although, as De Watteville remarks, "the 
pathogeny of spasm is one of the most obscure problei 
in neurology." On the other hand — as, for example, 
many instances of chorea, epilepsy, hysteria, etc.— 
may exist without any apparent structural changes 
nervous system ; being excited by some source of reflex irri- 
tation, such as phimosis, visual defect, uterine displace- 
ment, insufficiency of the ocular muscles, etc. In tetanus 
the exciting cause is generally found in one or more of the 
peripheral nerves. Sclerosis of the motor fibers of the lateral 
columns of the spinal cord is known to produce muscular 
contracture as a prominent symptom, probably because the 
inhibitory influence of the brain upon the reflex excitability 
of the spinal cord is arrested, or because the sclerosis di- 
rectly excites the motor apparatus of the cord. The | 
culiar deformities produced by post-paralytio contr 
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and the eccentricities of gait and posture exhibited by pa- 
tients Buffering from tetanoid paraplegia (lateral spinal 
■cleroaiB) are illustrative of the diagnostic value of tonic 
muBcular spasm in the course of some spinal affections. 

Respecting Ibe eSects of electrical treatment of spasm, 
I aiD convinced that in some cases many methods mast be 
tried without benefit before the right one is discovered. 
I have occasionally had brilliant results follow some par- 
ticular method, and subsequently I have been utterly disap- 
pointed when it was tried upon some other patient with 
identical symptoms. 

I think that in this class of subjects more depends upon 
your success in ascertaining and removing the cause than 
upon any electrical applications (valuable as they may be as 
adjuncts). The correction of an optical defect by glasses, 
the relief of ocular insufficiency by tenotomy or prisms, the 
operation of circumcision, the mechanical relief of a dis- 
placed womb, and many other such procedures, form the 
basis of an absolute cure in many cases which have been 
otherwise treated unsuccessfully. This fact is too often 
disregarded. 

Electrical currents may be made to act upon these cases 
(I) as a sedative (chiefly the action of the anode and static 
insulation) ; (2) as a stimulant (the action of the cathode, 
the static spark, or faradism) ; (ii) as a counter-irritant ; 
(4) as a check to the progress of some peripheral or cen- 
tral morbid state (catalytic action) ; and (5) as an agent 
for the destruction of some neoplasm, induration, etc. (elec- 
trolytic action), or as a cautery. 

I have lately come to regard static electricity (franklin- 
ism) as more generally applicable to spasmodic conditions 
(hysteria, torticollis, blepharospasm, tremor, contracture, 
etc.) than either faradism or galvanism. It seems, in my 
experience, to act more promptly, and to produce more last- 
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ing results, than the methods more commonly recommended 
by authors. I would advise those of you who decide I 
purchase a static machine to try the effects of insulation,, I 
the "eiectrii; wiud," and the indirect spark (as the cireom-^ 
stances may indicate) faithfully before you resort to galva 
ization or faradization. If good results are not obtained, you 
can easily substitute for it the other forma of treatment at 
a later date. I should never regard any case as hopeleM 
until it had been thoroughly tried (after all reflex cauaotj 
had been removed). I have cured several severe cases ofj 
Utnic spasm of the muscles of the neck iu a few sittings bn 
means of the indirect spark, and relieved many cases of sol 
fering from other forms of spasm in a short time. 

In EPILEPSY, the employment of galvanism alone ) 
never, to my knowledge, resulted in a complete cure, al»l 
though some decided benefits have been reported from its ■ 
continued use. There is, to my mind, a close relationship 
in many cases between epilepsy and ocular defect, to which I 
shall call your attention hereafter. This element in the 
causation of epilepsy certainly merits attention. When all . 
defects in the visual apparatus have been corrected (in caao: J 
such exist), or when other reflex causes (such as phimouAf'] 
for example) have been relieved, galvauism and static eleo* 
tricity may become valuable aids in controlling the subse- 
quent convulsive attacks. Latent hyperopia, astigmatism, 
and insufficiency of any of the muscles of the eyeball may 
(and, in my opinion, often do) excite epileptic seizares. It 
is absurd to expect of electricity, or any other therapeutical 
agent, curative results when so important a source of irrita-' 
tion of the central nervous system is allowed to remain uOi 
corrected. 

Rockwell's method of employing " central galvBiiili 
tion" in epilepsy does not, to my mind, equal in benefichd' 1 
effects the use of static insulation and the drawing of iii4i« j 
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rect sparks from the neck and back of tlie patient. It is 
my ciistom, however, in some cases to employ both of theae 
proceciiirea, each being used alone during alternate weeks 
fcir a period of two or three months with dally sittings. 

In CHOREA I have obtained the best results with static 
insulation and sparks. 

My previous remartB respecting the relationship between 
defects in the ot^an of sight and epilepsy apply with equal 
force to this disease aud all other types of functional ner- 
vous derangementa. I shall discuss this subject more in 
detail later in the course when functional nervous diseases 
are being considered. 

If galvanism is employed, it is best to subject the mus- 
cles affected with spasm to the action of the anode. Tlie 
prognosis will depend somewhat upon the duration of the 
disease. The earlier you begin electrical treatment, the 
greater is the prospect of cure (pnmded all sources of reflex 
irritation have been successfully removed). 

My experience with furadism in the treatment of 
chorea has been somewhat limited ; but the results obtained 
by me have not been so satisfactory as with static electricity. 

In FACIAL SPASM (histrionic spasm) good results are oc- 
casionally obtained by following the plan of treatment sag- 
gested in connection with chorea; but treatment of the 
facial nerve alone is seldom satisfactory. I Lave one case 
at present under treatment, however, in which I have thus 
far had little, if any, success in my attempts to control the 
spasm. It is a case of long standing, and is therefore more 
rebellious to treatment than if it were not chronic. The 
patient has an ocular defect which it is difficult to correct 
perfectly. 

In these cases I have obtained the best results by sub- 
jecting both the cortical centers for facial movements and 
the nerve itself to stabile applications of the anode (the 
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cathode being placed od the breast-bone), and by treating 
the nerve at intcrvitls with static sparks drawn from t 
affected portions of the face. The electrode for the head 
should be large. The duration of each daily sitting should 
not exceed five minutes, 

NTBTAaHus and blbpharospasm belong to the chon 
type of diseases, and are best treated hy electrical c 
provided they are Been before the condition has becont' 
chronic. The prospect of a radical cure steadily becomes 
less as time elapses, tf static currents are employed, t 
tips to the electroduH should be uned. I usually treat these . 
cases as if the icventh nerve were involved in all of il 
branches. Sometimes it is well to place the anodo apoi^ 
the mastoid process and the cathode upon the closed eys* 'I 
lid. The current should be very weak at first ; should be 
gradually increased until faint flashes of light are perceived \ 
finally, it should be again decreased to the faintest percepti- 
ble point. 

Torticollis, or WRT-NBCK, when subjected early to statk 
sparks or strong faradization, may often be cured very n 
idiy. Interrupted galvanic currents are also of msteril 
benefit in some cases. 

The spinal accessory nerve is usually the one which i 
at fault. A rheumatic origin may often be detected. 
BO, judicious medication will tend to hasten the cure. 

Some cases of wry-neck are associated with syraptora*" 
of paresis. These have, as you might suspect, a more 
serious prognosis. Electrical treatment will prove, as a rule, 
only palliative. Too oft<n organic changes have already 
occurred in the spinal accessory nerve, the spinal cord, or 
the vertebras. The duration of treatment should extend 
over a period of months. 

Spasmodic asthma may often be benefited by galvanism 
gf the neck, I have previously described the steps of thje 
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procedure. Its beneficial effects are probftbly due to 
changes induced in the vagi. Drawing' of indirect sparks 
(by means of the static machine) from the anterior and 
posterior surface of the chest has proved, in my experience, 
an admirable preventive against such attacks. 

Some patients have assured me that they experienced a 
sense of great comfort after each sitting, and that the fre- 
quency of the paroxysms of asthma has been perceptibly 
modified by them. My experience in the electrical treat- 
ment of these cases is as yet somewhat limited ; but I 
am inclined to believe that greater benefit can be derived 
from it than from internal medication. Certainly it is 
worthy of a more estended trial, as an adjunct, if deemed 
vise, to other remedial measures, or as a substitute for them. 

In TETANUS (both of the traumatic and idiopathic varie- 
ties) two cases of cure have been reported by Mendel, of 
Berlin. He employed galvanization and subjected the 
muscles affected with spasm to the stabile iufiueoce of the 
anode, the cathode resting over the spinous processes of 
the vertebrffl. The* applications were continued for fifteen 
minutes, and ihe currents employed were mild ones. Bnr- 
tholow suggests, when speaking of these oases, that the 
effect of these applications was probably due "to the indu- 
ence of the currents upon the sensory nerves, thus lessen- 
ing the intensity of the reflexes." The cures were complete 
in about ten days. 

Personally, I have not as yet been able to test the effects 
of the different forms of electrical currents upon a case of 
tetanus. To my mind, it would be very interesting, how- 
ever, to observe the effect of static insulation and static 
sparks upon the spasms which occur paroxysmally in this 
disease. It is well known that this agent exerts a remarka- 
ble effect upon contracture of muscles. Thus far, to my 
knowledge, it has never been tried in tetanus. 
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Srbezinq, niccDnoH, and doughinq are spasmodic 
forte of a reflex character, Occaeionally they become 
tressing from their persistency. They may, in soraf 
stances, be relieved by faradization of the epigastrinm, 
Tanization of the neck, and static electricity, De Watte- 
\-ille reports some curative effects of galvanization of the 
nasal mucous membrane in chronic cases of persistent 
sneezing. 
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The discovery that different bundles of fibers whii 
help to compose the substance of the spinal cord 
convey sensory impulses only, and the later research^ 
which have also been made respecting the paths of conduc- 
tion specially prepared for sensations of pain, touch, tem- 
perature, pressure, the muscular sense, visceral sensatioiuu 
etc., have a practical bearing upon both diagnosis and tre) 



Clinical observations go to show tSat, of the separate' 
and distinct types of sensation enumerated, some may be 
partially or completely destroyed by diseased conditions 
without irapainng the others. Thus, for esampie, a patieat^ 
under certain conditions may ho able to exercisi 
of touch with normal acutenesa and yet be rendered abso 
lutely insensible to pain ; again, he may be unable to duS 
criminate between degrees of heat or cold {provided t 
testa do not produce pain), although he retains n 
sensory faculties in all other respects. We are, therefor^ 
forced to recognize a variety of types of ansestheaia aa prq 
senting themseives for diagnosis and treatment. 

The sensory functions may be either increased {hi/pt 
eegtheaia) or diminished (ancestkesia). 

Either of these states may be of organic origin (by whi 
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we mean thit structural changes in the nervous tissues ac- 
company them), or of purely functional origin, in which 
case no Btriictnra! changes can be shown to e\iit. Exam- 
ples of the fonner are found in connection with central 
lesions (those of the brain or spinal cord), and with peri- 
pberat lesions of the sensory nerves or the organs of spe- 
cial sense, white examples of the latter are frequently en- 
countered in connection with hysterical eonditions, neuras- 
thenia, cold, injury, imperfect capillary circulation, rheu- 
matism, neuralgia, and many other morbid conditions. 

In all forma of sensory disturbance the removal of the 
cause constitutes in many cases the basis of a cure, and the 
treatment will necessarily be modified by the causal indica- 

Many auggeations which ha^ p vi 1> b en offered 
respecting electrical applications t th b ain pinal cord, 
and peripheral nerves are applicabl I k t sen ory aa well 
as motor disorders when due to an hanges ; hence, 
when this fact is borne in mind t w 11 b unn cessary to 
repeat what has already been giv n y u 

In the treatment of ^.n^sthesia nothing can surpass in 
its reaalta the daily rise of the wire brush for about ten 
minutes over the regions affected. This form of electrode 
should be applied dry and with the aecondary coil of a fara- 
daic machine. The stabile electrode shonld be well moist- 
ened and pressed closely in contact with some distant point. 

If trophic dislurhancei co-exist with antEsthesia, 1 have 
found the "combined current" (galvano-faradaic) to he 
more efficacious than faradism alone. 

Static sparks and static insulation often act wonderfully 
in functional nervous diseases. 

Static inflation has been previously described. It 
shonld be administered daily for from ten to thirty min- 
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If thi! "iwlirect »park'^ is employed (seo Fig. 30), the 
length of the spark should be sufficient to be perceptible to 
the patient, and the duration of the application should sel- 
d(nu exceed five minutes. It is well to administer a fusil- 
lade of sparks to the re^on of the spine after each insula- 
tion, in case the sensory disturbances ore dependent upon 
hysteria or nenrasthenia. 

1 seldom employ the "direct spark" (Fig. 3) except in 
the treatment of organic disturbances of sensation or mo- 
tion.* This form of administration should be used with 
extreme caution if the generating mactuDe is a powerfnl 

The "umbrella" electrode furnishes an agreeable imd 
effective method of concentrating static electricity to the 
head of the patient. The sensation is one which reseinbtes 
that of a strong breeze circulating through the hair. 

UKMiAH.«BTBBau (whether of cerebral or spinal ori^) 
is often benefited by cutaneous faradization of limited p 
tiona of the area affected — a point first observed by Vid 
plan, who employed this method with marked succt 

Trofuic DiBDKDERB muy occasionally manifest them- 
selves, often in tUe skin, nails, hair, and muscles, when sen- 
sation is markedly affected. One such case (suffering from 
locomotor ataxia) was lately placed under ray care. The fi 

* Since these lectures were delivered I have M last perfected ai 
provement upon the Eoltz static machiae, upon wbich I have been^ 
working for aome liino, and I liave liad one of this pattern Imilt for my 
own use by Waite & Bartletc, of New York. I intend soon to preeeat 
this Improvement foniially Co Che profession with uppropiiute cuts and 
a description of the various modifications made. Hyown mnchioe after 
this model gave mc a ten-iocb apark during a " muggy" day in July, 
when most static macbines would produce but a feeble spark. It is 
the most effective instrument of the kind which 1 have jot seen. It 
coDSiste of nine twenty-four-inch glass plates, six of which revolve. All 
the joints of the case sr^ hernietically sealed with soft rubber. 
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gers of botli sides were almost destitute of sensibility to 
pain, and tactile sensation was inipmced. Tlie nails were 
thickened, loosened for half of their length, and deeply 
pigmented (as if stained wlLh iodine). The terminal pha- 
langes were " clubbed," the nails being bent almost into a 
semicircle. The skin was thickened and very hard under 
the loosened nails. The "combined current" (galvano- 
faradaic) with a wire-brush electrode caused decided im- 
provement within a few weeks. 

Nkuralgia (when of idiopathic origin) is more success- 
fully treated to-day by electricity than by any medicinal 
agent. In many instances it is cured in a few sittings. 

It ia well to bear in mind, however, the fact that neural- 
gic pains are very often symptomatic of causes more or less 
remote from the aSected nerve, and that a permanent cure 
is impossible in many instances as long as that cause actively 
exists. Defective teeth, morbid processes in the bones, 
pressure upon a nerve, organic changes in the nerve itself, 
toxic diatheaes, rheumatism, gout, reflex irritation from the 
eye, uterus, digestive tract, ovaries, etc., cardiac and pul- 
monary disorders, and many other morbid conditions, may 
be enumerated as among the exciting causes of neuralgia. 

Respecting the electrical treatment of neuralgic pains 
(per se) the following deductions may prove of some advan- 
tage to you : 

1. If points of tenderness to pressure (puTicla dolorota) 
exist along the course of the affected nerve or its branches, 
it is well to subject them to stabile galvanic applications of 
the anode, the cathode being placed at a neutral point. 

2. The anode should be made to cover as large an a 
as possible. 

a. The duration of the litting ehonld not e^' 
minutos, save in exceptional eases. The tat- 
repeated several times » day if necessary. 
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4. As a rule, it is unwise to break tlie current. In ol 
stinate cases the current maT uccasionallj be revorHed, 
out changing the poles, by means of the commutator. 

5. Faradization of the nerve and the use of the 
brush upon the skin have been recommended when gal' 
ism proves unsuccessful in arresting the pain. It shonld 
not be used (in my opinion) until galvanism has been thor- 
oughly applied. 

6. It is well in obstinate ranea to direct the applicatioi 
of galvanism to the central origin of the affected nerve, 
well aa to its peripheral distribution. 

7. Static electricity often produces inarveloas results 
neuralgia. I have more faith in it a« a cure for seiati 
than in any other remedial agent. It should be applied {bj 
the " spark " method) over the affected nerve. One silting 
has, in my experience, frequently arrested severe pain. It 
gives inamedisto relief, in most cases, to muscular rhenmflj, 
tiam also, and to lumbago. Sufferers from muscular 
neuralgic pains are perhaps as frequently encoantered 
the physician as any class, and static electricity ahoi 
highly recommend itself to your confidence for auch cj 
The expenses of the outfit, and the fact that the machine 
too lar^c for transportation, will probably prevent its goi 
ersi use by the profession ; but, until its effects 
patient have been tried, I wonld caution you against e] 
pressing an unfavorable opinion, even if galv 
dtsm, and medicinal treatment have proved powerless 
relieve the suffering. 

8. The operation of electro-puncture of a n 
relief of neuralgia has proved of benefit in the hands of 
some neurologists ; but it is an operation which, if injudi- 
ciously employed, will produce electrolysis, and aerioaa re- 
sults may follow its use. 

9. The electrioal treatment of various other fomu | 
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pain ia similar to that of neuralgia. The judgment of the 
phyHician shoald bo exercised Tegardiag the positioD and 
size of the electrodes, the variety, strength, and duration of 
the current employed, and various other minor points sug- 
gested by the condition of the subject. 

10, Vigeeral jieurali/ias (as, for example, the conditions 
known as hemicrania, migraine, gastralgia, enteralgla, hepa- 
talgia, etc.) are often relieved by electricity, irrespective of 
the reflex or constitutional condition which indnces the 
morbid state. The removal of the escitiog cause, however, 
will greatly assist in making the cure a, radical one. I have 
long taught in my lectures that I bad yet to encounter a 
patient who had suffered for years from migraine who had 
not some defect in the eye or its muscles as an exciting 
cause. Experience leads mo still to strongly assert this m 
my conviction. The same cause is very frequently mani- 
fested by paroxysms of spinal pain — peculiarly so at two 
points, viz., between the scapulie, and at the junction of the 
last lumbar vertebrae with the sacrum. 

The cnrrente which act beat upon these cases are the 
galvanic and static. I have in two instances employed 
faradism in gastralgia with good results, but I regard it as 
inferior to galvanism or franklinism. 

In treating the abdominal viscera by galvanic currents, 
one rheophore may often be attached with advantage to a 
rectal electrode, and the other to a large electrode placed 
over the organ to be influenced. I do not believe that 
polar effects are to be particularly aimed at. In some cases, 
an occasional substitution of the '' combined current" (gal- 
vano-faradaic) for galvanism makes the improvement of the 
patient more rapid. 

Static applications to the abdomen are best made by 
employing indirect sparks of about two incbea in length. 
liong sparks are not home well by seuNtive subjects, '^ 
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patients arc subjected to static iusulatioD alune for twenty 
minutes daily, or to the electric spray over ttie abdomen, 
relief is often afforded and tbe application is painless. The 
clothing need not be removed in making applications of 
franklinisra by either of these methods — a point whi 
renders the treatment particularly agreeable to ladies. 
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THE VAaO-MOTOB SrSTEM, AND ALLIBO NEUROaES, 

The cervical BrupAiKETic is undoubtedly, in rare cases, 
the seat of isolated morbid changes ; but, as Erb remarks, 
these cases " constitute pathological curiosities," The mor- 
bid conditions which have been detected embrace inflam- 
mation, compression, traumatism, rheumatic conditions, etc. 
Such conditions may create either irritati^in of the syiupg- 
thetic system or paralysis of its functions, or both simul- 
taneously in different parts of the body. 

Irritation of the cervical gympathefie produces pallor 
of the face and neck upon the affected side, with a sense of 
coldness in the parts. The pupils are dilated, the temporal 
arteries exhibit increased tension, the power of accommoda- 
tion and the reaction of the pupil to light are both impaired, 
the eyeballs protrude slightly, and the secretion of sweat is 
diminished. 

Paralysis of the cervical sympathetic induces the oppo- 
site conditions. The akin is red and hot, the patient suffers 
from a sense of heat in the akin, the pupils are contracted 
and eshibit normal reactions to light and accommodation, 
of vision; the eyeball does not protrude, there are often 
headache and vertigo, the secretion of tears and sweat is 
increased, and the pulsation of the carotids is excessive. 

In the electrical treatment of these opposed conditions 
Erb recommends stabile applications of the anode (with a 
strong current) until a change in the pupil is observed, if 
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tbe condition of irritation esiata. The same autlior Biiggests 
the use of the cathode with a feeble current, frequent in- 
terruptions, and occasional reversal of the poles, if the 
paraljtic state is present He places the " indifferent " 
electrode upon the spine. He also augjfCBta applications of 
the wire-brush, or labile galvanic currents, to the akin of the 
face and neck. 

To the views of this author I would urge the advantage 
of trying the effects of stntic insulation and sparks directed 
to the neck and face. 

ANGioNBURosBa OF TBE SKIN luaj assume one of two 
forms, viz., ji/«i«m OT paralyiis. They are most frequently 
observed in connection with neurasthenia and in hj'stericaL 
patients. The abnormal coutraction or relaxation of the 
vessels may cause (l) moditications in the color and the 
general "feel" and sensibility of the skin; (2) subjective 
sensations of heat, tingling, formication, etc. ; (3) disturb- 
ances of perspiration ; (4) awkwardness of movement of the 
part (especially in the hands) ; and (5) many reflex symp- 
toms referable to the viscera. 

Unnatural conditions of the vessels of the skin {spasm 
or paralysis) are most frequently observed in tbe upper 
lirah, less frequently in the lower hmb, and least often in 
the face and neck. They may be excited by a variety of 
causes — such aa fatigue, excitement, menstrual disturbances, 
malaria, exposure to cold, the effects of poisons, and direct 
irritation of the skin itaelf. 

I have seen the skin (especially of the fingers) made as 
white as chalk in some cases, and in others rendered cyano- 
tic, by spasm of the vessels. The muscles of the papilloj of 
the skin may paiticipate in the spasm and produce the so- 
called "goose-flesh" appearance. Pain, tingling, formica- 
tion, partial aniestheaia, and other disturbances of the sen- 
sory apparatus may occur as seqnelie to the vascular spasm, 
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Paralyth of the cutaneom vesseU leads to directly oM 
site conditions. The skin nisj be made intermittently 
permanently red, and feel unuatnrally hot and extremely 
Bensitive. Subjecta so afflieted frequently suffer from in- 
somnia, headache, disturbed heart-action, excessive perspi- 
ration, vertigo, and other Fisceral manifestations of irrita- 
bility. 

Respecting the electrical treatment of angiospasm and 
angioparulysis, the general rnle may be given that weak or 
moderate applications of faradism or galvanism to the 
affected part act best upon dilated vessels, and stronger 
cnrrentB npon those affected with spasm. 

Applications of static electricity are often very beneficial 
to neurasthenic and hysterical subjects. Personally, I be- 
lieve this method of treatment surpasses any other in Its 
effects upon this class, although it is well to altemate with 
galvanism and faradism when a case proves obslinato t 
treatment. 

When any of the methods suggested are employee 
is well to subject both the vaso-motor centers and the n 
trunks which supply the affected regions (as well f 
parts directly) to the influence of electrical currents. 

NBrRABTKBNlA, 

By this term we moan the condition of nervoua ei 
lion. It may be manifested in a variety of ways. 
aymptotiia will depend upon the type which exists — cere- 
bral exhaustion or spinal exhaustion — and also upon special 
idiosynorasies peculiar to the patient. No two cases exhibit 
identical manifestations of nervous depression. Some pa- 
tients who are suffering from cerebral neurasthenia mani- 
fest its effects in the voice, others in mental disturbances. 
The heart's action may be alone disturbed ii 
the stomach may give out in others, some may ( 
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alone of muscular troubles, some may notice its effects in 
the eyes, some are rendered sleepless, a few complain alone 
of skin disturbances, and so on throughout the different 
parts of the entire human oi^aniam. 

Ton can understand how these apparently discordant 
facta may be reconciled when you consider the fact that, by 
means of the hrain and spinal marrow and the nerves which 
unite these centers to the different parts of the body, we 
are enabled to see, hear, taste, smell, appreciate touch, 
swallow, breathe, and perform vojimtary muscular acts. It 
is by means of our nerves alone that the heart beats; the 
digestive processes go on, without ovir knowledge or con- 
trol, through the same agencies ; the blood-vessels contract 
and dilate in accordance with the demands for blood tele- 
graphed to the nerve-center by different organs and tissues; 
and every process pertaining to life is thus automatically 
regulated. Now it is easy to see at once how a debility of 
so complicated an electric mechanism as the nerve-fibers 
and the nerve-cella of a liring animal are, can upset all or 
any one of the individual functions enumerated. Many of 
our houses are furnished to-day with electric bells by means 
of wires distributed in the walla. In some houses we light 
the gas-jets, and even the rooms themselves, by means of 
the same subtle fluid. When the battery becomes weak, or 
when the wires are disarranged or broken, what may be the 
results! Some of the helis may cease to ring when the 
button is touched, while others work properly. Perhaps 
the electric li^ht may fail in some rooms and hum with its 
accustomed brilliancy in others. The gas-jets may not be 
properly ignited. So it is with the nervous apparatus of 
man. From the same cause one patient may have nervous 
dyspepsia, another sleeplessness, a third sexual debility, a 
fourth weakness of the eye-muscles, a fifth disturbances of 
the skiQ. It is needless to multiply illustrations. 



GeRbbbal NBrRASTHENiA (brain exhauttitm) may be 
indicated by one or more of the following sjmptoma ; Teo- 
derneas of the scalp ; pains in the head ; fleeting neural- 
gias; sleepleesncae ; vertigo; a tendcraeas and pallor of the 
gums ; abnormal aenaitiveneBs of the teeth ; blanching of 
the hair; flushings of the face; dilatation of the pupils; 
idiosyncrasies in regard to food and external irritation ; 
mental depression and melancholia ; defects in memory ; a 
morbid craving for alcohol ; a decrease in intellectual 
capacity ; a buzzing or ringing in the oars ; specks before 
the vision ; abnormal and imaginary impressions of taste or 
smell ; morbid fears of various kinds ; sick headache ; dry- 
ness of the skin and the mucous surfaces; weakness of the 
muscles ; numbness in the limbs ; thickness of speech ; and 
mental excitability, irascibility, or loss of emotional con- 
trol. 

These symptoms, in many caseB, are but the manifesta- 
tions of weakness. The electric batteries of the brain (those 
minute organs known as the "brain-cells") are feeble or 
uncertain in their action. They are incapable of perform- 
ing the offices for which they were crested. They are not 
diseased (in a medical sense), but they are weak and liable 
to become so sooner or later. I have known sufferers of 
this type to be precipitated into a condition of incurability 
by mental alarm, excited, in some instances, by an opinion 
of an unfavorable kind made by physicians respecting a 
prospect of recovery. Again, it is well known that insanity 
may arise as a consequence of the loss of steep often expe- 
rienced by these subjects, and by " brooding over their 
symjitoms," whose significance they fail to properly under- 
stand. I recall several eases where a patient was with diffi- 
culty convinced that some special type of malady was not 
about to attack him, because in reading a medical work his 
attention had been called to the significance of some special 



symptom which he was sure he had personally experienced. 
If medical students, who possess vivid imaginations, can be- 
come (as they often do) victims to imaginary diseases whose 
symptoms they have been studying, is it to he wondered at 
that the weak and highly organized sufferers from neuras- 
thenia are especially prone to become impressed by this 
form of delusion! 

Spihal sedbasthenia [tpinal exhaustion) signifies an 
exhausted state of the cells which help to form the spinal 
cord. The cord itself is of about the size of an ordinary lead- 
pencil, and is sixteen inches in length (much shorter than 
the backbone). It is composed of millions of nerve-ceils 
and distinct bundles of nerves. Some of these nerves pass 
through it to reach the bruin above, while others become 
united to the spinal cells and pass no farther. The cells of 
both the brain and spinal cord are practically electric bat- 
teries; and the nerve-fibers are the wires by which they 
are connected with the different organs of the body, the 
muscles, akin, joints, and viscera. This wonderfully con- 
structed organ is under the control of the brain, but is 
capable of exerting, under certain circumstances, a control 
over all acts which are termed " reflex acts," because they 
are, to n greater or less extent, independent of the will. It 
serves also as a means of conduction to the brain of our 
perceptions of pain, temperature, and touch, and of motor 
impulses sent out from the brain-cells to the muscles of the 
limbs and body. 

Now, when the cells of the spinal cord become exhaust- 
ed, the symptoms produced diHer markedly from those al- 
ready mentioned as indicative of brain-exhaustion. Among 
its chief manifestations may be mentioned the following: A 
general tenderness of the skin to touch or pressure; tender- 
ness along the spine or over certain limited portions of the 
spine 1 irritability of the breasts, ovaries, and the womb in 
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females; fleeting pains of a neuralgic type in various part* 
of the body ; an extremely rapid or slow palse, which flac- 
tDates widely during periods of excitement or fatigue ; at^ 
tacks of palpitatioD of the heart ; dryness of the skin, or in 
many caaea the reverse, excessive perspiration of the hands 
and feet; sudden starlings on going to sleep; muscular 
twitcliings in one muscle or a group of muscles; chilliness 
and creeping sensations along the spine ; nnmbnesa or 
abnormal sensations of heat in the skin of the tody or 
liniba; itching of the skin; eruptions upon the akin, chiefly 
of the type of eczema ; frequent gaping, yawning, or stretch- 
ing; frequent seminal emissions; weakness of the bladder 
and rectum ; ani] disturbances of the digestive functions. 

The distinction between cerebral and spinal neurasthe- 
nia which has been shown to exist can not be made in each 
and every case, becanse various combinations of the symp- 
toms of the two arc often encountered in the satne individ- 
oeI. a prominent author upon this type of diseases very 
aptly compares the nervous system of man to certain moun- 
tainous regions, since it causes so many echoes and rever- 
berations. He snys : " An irritation at one point may be 
transferred to any other point, following the paths of least 
resistance and making itself felt in those parts that are 
least able to resist molecular disturbances. Thus, for exam- 
ple, scniiiiftl emissions and sperm atorrhtea, when they arise 
through abuse or through spinal cord disease, almost uni- 
formly react on the brain — robbing the sufferer of courage 
and manliness, exciting various phases of morbid fear, of 
which I shall speak, with aversion of the eyes and counte- 
nance." 

I have known a decayed tooth to cause persistent ear- 
ache, and iu one case to cause the corresponding eyebrow 
to become wbite. In male children a tight foreskin not 
infrequently creates sufficient irritation of the sexual organs 
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to induce HpaBma or paralysis of tlie lower limbs by an in- 
direct eSect upon the spinal cord. I liave cured some pa- 
tients, who have come to me for relief from persistent and 
excruciating attacks of neuralgia, by a correction of some 
defect in their eyes by means of glasses. The strain and 
irritation produced upon the brain by the involuntary ef- 
forta made by these patients to see objects with distinctnesB 
or to read and write had reacted upon the nervous system ; 
and It would have continued so to react till death if the 
cause of the irritation had not been removed. 

It may be well to consider a rew of the more prominent 
manifestations of nervous exhaustion separately. Among 
these, sleeplessness, a defect in vision known as asthenopia, 
sexual weakness, headache, an unnatural dryness of the skin 
and mucous surfaces or profuse sweating of the hands, and 
morbid fears or melancholia, deserve special mention. 

Insounia. — Sleeplessness may assume different forms. 
Some of those afflicted have difficulty in getting asleep; 
some awake after a few hours of slumber and remain so 
until daylight; a few find themselves overpowered with a 
desire for sleep during their working liours, when their 
business will not admit of it, and at night can not obtain 
sleep except under narcotics. I have had patients who 
have told roe that they spent most of their nights for years 
in writing to friends, riding in the horse-cars, or walking 
the streets for amusement because they could not sleep. It 
is safe to assert that persistent insomnia, extending over a 
period of weeks or months, indicates disease of some kind. 
In patients who have passed the age of fifty, or in younger 
persons who have indulged to excess in alcohol, it is often 
due to a typo of kidney disease, to detect which repeated 
examinations of the urine are required. This form of 
trouble is known as the "granular" or " contracted kid- 
ney " ; and insomnia, frequently combined with headache, 
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is one of its most promineut ay luptoius. Obsttaate sleep- 
lessness is the cause of many a suicide, too often the start- 
ing-point of the opium and chloral habit, and surely the 
destroyer. I would caution you against allowing tbts symp- 
tom to reniaio uncontrolled for any length of time, and to 
avoid the use of all forms of narcotics as long aa possible. 
The chains of intemperance are but aiUcen threads when 
compared to thoae of the opium or chloral habit. 

AaTtiENOPiA. — This type of defective vision can not be 
relieved by ordinary glasses, nor does it respond quickly to 
the customary suggestions of gymnastics, horseback-riding, 
etc. It is due to a peculiar weakness of the muscles which 
control the nioveinenta of the eyeballs, and it manifests it- 
self chiefly as a sense of extreme weariness when the eyes 
are steadily employed for short periods of time. It is an 
indication of neurasthenia, and is of great diagnostic value. 
In severe cases it becomes necessary to divide the tendons 
of the stronger muscles of the eye, in order to relieve the 
weaker ones of a strain. It is common among near-sighted 
and far-sighted persons. I have seen patients who could 
not sow for five minutes at a time from this cause, and 
others who would be made sick by attending a theatre, pic- 
ture gallery, or other places of amusement. 

HeAnAOHB. — Many attacks of this character are un- 
doubtedly to be attributed to imprudences in eating, ex- 
posure, or fatigue. But I believe that many of those who 
are periodically afflicted in this way owe their suffering to 
a lack of tone in the muscular coat of the blood-vessels of 
the brain, consequent upon some of the causes of neuras- 
thenia mentioned. I have seen a large number of instances 
where the eyes were the cause of such keadaekes, and where 
the adaptation of glasses has brought immediate relief. 
The medical profession are rapidly becoming enlightened 
upon this fruitftil cause of pain. It is well also to e 
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the urine when persistent or periodical headache occiirs, as 
it may be a symptoin of kidney disease. Some nenrolo- 
^sts believe that the Bo-called "aiok headaches " are to be 
regarded as but a modified form of that coDdition which 
produces epilepsy. A volume might be written upon this 
symptom alone. 

Drynesb OB Unhatukal Moistubk op thh Skik. — 
Some nervous- patients suffer from an unnatural dryness of 
the skin, the throat, and the nose. They are also liable to 
experience dyspeptic symptoms at the same time, whieh is 
probably due to similar changes in the lining of the stom- 
ach. This dryness may be accompanied also by an itching 
of the affected parts ot an attack of eczema. A burning 
sensation is sometimes produced. I was once consulted by 
a patient who had for years been in the habit of incasing 
himself in flannel and putting on flannel stockings before 
he retired, in order to overcome a sense of bumiu'g in the 
skin which followed the contact of cotton or liuen with acy 
part of his body. I recall a case where the feet were once 
froatrbitten, and the patient has never since been able to 
walk upon a carpeted floor on account of a burning sensa- 
tion which immediately follows. He takes off his shoes as 
the last step before retiring. 

On the other hand, many patients afflicted with neuras- 
thenia suffer from a profuse sweating of the pdms of the 
hands. This is accompanied in some instances by a flush- 
ing and redness of the face, neck, and ears. The nails may 
become unnaturally soft or brittle. 

MoBBiD Fbahs. — This peculiar manifestation of nervous 
exhaustion may assume one of several types. Attempts at 
classification of these morbid fears have been made by some 
authors, such as fear of lightning, of places, man and socie- 
ty, solitude, accident, etc., and special names have b«e&. 
i^jplied by them to each of these tj^a. 1£bm* oI SJiia.'wiSift* . 
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may be present without aBy other manifestation of men( 
impairmenL They are usually uncontrollable, in spite of the 
fact that the patient may exhibit a kuowledge that they are 
groundless and absurd. They seem to take full possession 
of a being, and to cause mental torture of an extreme kind. 

Finally, melancholia is not an infrequent symptom of 
neurasthenia. It may be accompauied by paroxysms 
laughing, weeping, and hysterical phenomena. 

Now, in the treatment of neurasthenia, electricity is 
of our most effective agents. After the exciting cause 
been discovered and the possibility of its continuance re- 
moved, we may safely begin the use of electricity with the 
brightest prospect of a radical cure. General faradization, 
central galvanization, and the use of franklinism are par- 
ticularly of service. Of the latter I can speak in the high- 
est t«rma. Neurasthenic patients often feel its beneficial 
effects immediately. It should be applied daily by 
sulation method, the electric wind, or the static spark, 
the circumstances of the vase seem to indicate. 

My remarks made in a previous lecture respecting mass- 
age and other adjuncts to electrical treatment are particu- 
larly applicable to this class of patients. No effort should 
be spared in your treatment to promote conatitutionao vigor 
by exereise, judicious feeding, good hygienic surroundings, 
and the like. 

You, as physicians, will have to decide such matters for 
yourselves, and advise your patients respecting them with 
references to the symptoms which are to be combated. 
Do not trust too implicitly in electricity alone (valuable as 
it may be as a means of cure). Active employment will be 
necessary to a cure in some cases; absolute physical and 

ital rest will aid In others ; some wiU req^uire travel or a 
change of surroundings ; the organs of the body will often 
demand special attention wifli a "de^ ot -^lo^cil^ regulating 
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imilar problems will have 
i predicted by the aid of 



their functions; and many other b 
to be decided before a cure can bi 
electrical agencies. 

Id bringing this coarse of lectures to a close, gentlemen, 
I can not but feel that much has been, of necessity, omitted 
by rae which would be of benefit to you. A more com- 
plete course upon electro-physics, for example, would have 
been given had I not felt that text-books on physics would 
furnish you with the requisite knowledge when needed, and 
that the time allotted by me to the consideration of elec- 
tricity could be better spent in dealing with the practical 
applications of this agent in the diagnosis and treatment of 
disease. In these respects even this course is far from com- 
plete. It is but a hasty sketch of the more important facts. 

It is well for each of you to hear constantly in mind 
that electricity as a therapeutical agent is yet in its iiifancy. 
Facta are being daily brought to light, however, which will 
aid ns in employing it upon the sick to better advantage, 
and in obtaining more uniform results. As fast as new 
discoveries are published they will naturally be subjected to 
tests by those laboring in this field, and, if their value is 
proved, they will in time become generally recognized and 
employed by the profesaion. 

Perhaps some of this class of students may be among 
the number who are destined to promote the growth of this 
department of therapeutics by their inventive faculty, origi- 
nal research, or clinical observation. I trust that it may 
prove so. 

If I have succeeded in awakening your interest euEB- 
ciently to induce any of you to pursue this line of study 
further with intelligence, and thus to give possible benefit 
to others, I shall feel amply repaid for the many hours of 
thought and manual labor that I have personally spent ij 
ttying to modify and improve esuAm^ c\ct\.'E\fiA im^-^\m 
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